


SIGNATURE PAGE 

Final 

Supplemental Field Investigation 

Project Plans 

Site 89, Operable Unit 16 

Marine Corps Base 

Camp Lejeune, North Carolina 

Navy CLEAN II Program 

Contract Number N62470-95-D-6007 

Contract Task Order Number 0 18 1 

Prepared by 

CH2M HILL 

April 2001 

Date: $&I,& /$?, %&) 

Project Manager 
/ 

Approved by: 

Approved bT*$!$ 

Date: 0,&Z& / 

Date: zz- 

Senior Reviiwer 



TABLE OF CONTENTS 

Page 

LIST OF ACRONYMS AND ABBREVIATIONS 
. . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~........................... 111 

1.0 INTRODUCTION .......................................................................................................... l-l 
1.1 Objectives of Supplemental Investigation.. ........................................................ l-l 
1.2 Work Plan Format ............................................................................................. l-l 

2.0 SITE BACKGROUND AND CURRENT SITE CONCEPTUAL MODEL.. ......... .2-l 
2.1 Site Background ................................................................................................. 2-l 
2.2 Current Site Conceptual Model.. ........................................................................ 2-2 

3.0 SUPPLEMENTAL INVESTIGATION TASKS ........................................................ 3-l 
3.1 Project Management ........................................................................................... 3- 1 
3.2 Subcontract Procurement ................................................................................... 3 - 1 
3.3 Data Quality and Sampling Objectives .............................................................. 3-l 

3.3.1 Data Quality Objectives Process.. ......................................................... 3-l 
3.4 Supplemental Investigation Field Program ........................................................ 3-5 
3.5 Sample Analysis and Validation ........................................................................ 3-8 
3.6 Data Evaluation.. ................................................................................................ 3-9 
3.7 Supplemental Investigation Report.. .................................................................. 3-9 

4.0 PROJECT MANAGEMENT AND STAFFING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~...... 4-l 

5.0 PROJECT SCHEDULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..“......................... 5-l 

6.0 REFERENCES ..“..................................................................................“..................,,..... 6-1 

LIST OF FIGURES 

l-l Location Map - Site 89 

2-l Current Site Conditions 
2-2 Summary of Contamination 

3-l Proposed Boring and Monitoring Well Locations 

4-l Project Organization 

5-l Proposed Project Schedule 

ii 



LIST OF ACRONYMS AND ABBREVIATIONS 

Baker Baker Environmental, Inc. 

ks below ground surface 
BTEX benzene, toluene, ethylbenzene, and xylenes 

CERCLA 
CLP 

Comprehensive Environmental Response, Compensation and Liability A.ct 
Contract Laboratory Program 

DCE 
DEHNR 
DON 
DNAPL 
DQO 
DRMO 

Dichloroethene 
(North Carolina) Department of Health and Natural Resources 
Department of the Navy 
Dense, Non-Aqueous Phase Liquid 
Data Quality Objective 
Defense Reutilization Marketing Office 

ECBSOPQAM Environmental Compliance Branch Standard Operating Procedures and Quality 
Assurance Manual 

FFA 
FSAP 

Federal Facilities Agreement 
Field Sampling and Analysis Plan 

HASP Health and Safety Plan 

IAS 
IDW 

Initial Assessment Study 
Investigation Derived Waste 

LANTDIV 
LTM 

Atlantic Division Naval Facilities Engineering Command 
Long-Term Monitoring 

MCB 
MIP 

Marine Corps Base 
Membrane Interface Probe 

NPL National Priorities List 

ou operable unit 

PCA 
PCE 
PPb 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
parts per billion 

RAC 
RCRA 
RI/FS 
ROD 

Remedial Action Contractor 
Resource Conservation and Recovery Act 
Remedial Investigation/Feasibility Study 
Record of Decision 

SI 
SPLP 

Supplemental Investigation 
Synthetic Precipitation Leaching Procedure 

. . . 
111 



TAL 
1,1,2-TCA 
TCE 
TCL 
TCLP 
TCRA 
TDS 
TOC 
TSS 

USEPA 
UST 

vc 
vocs 

LIST OF ACRONYMS AND ABBREVIATIONS 
(Continued) 

Target Analyte List 
1,1,2-Tetrachloroethane 
Trichloroethene 
Target Compound List 
Toxicity Characteristics Leaching Procedure 
Time-Critical Removal Action 
total dissolved solids 
total organic carbon 
total suspended solids 

United States Environmental Protection Agency 
Underground Storage Tank 

Vinyl Chloride 
Volatile Organic Compounds 



1.0 INTRODUCTION 

This Supplemental Investigation Work Plan addresses a contaminant source area that has been 
identified in the southern portion of Site 89 of Operable Unit No. 16, Marine Corp Base (MCB) 
Camp Lejeune, North Carolina. Site 89 is located near the intersection at “G” and Eighth Streets 
in the Camp Geiger Area of MCB Camp Lejeune (see Figure 1-I). 

Historically, the southern area of Site 89 has been used for heavy vehicle storage and 
maintenance operations. The Defense Reutilization and Marketing Office (DRMO) operations 
were located at Site 89 up until the year 2000. Base personnel have reported the extensive use of 
solvents at the site. 

Previous investigations of Site 89 have identified excessively high concentratifons of 
1,1,2,2-tetrachloroethane (PCA), trichloroethene (TCE), and other volatile organic compounds 
(VOCs) in soil and groundwater. 

A significant source area found within the vadose zone in the southern area of the site in early 
2000 warranted an immediate removal action. A Time Critical Removal Action (TCRA) to 
address removal of highly-contaminated vadose zone soils in the southern portion of Site 89 was 
implemented by the Remedial Action Contractor (RAC) beginning in the summer of 2000 and is 
anticipated to be completed in the spring of 200 1. 

The scope of this Supplemental Investigation is limited to the southern portion of the site where 
the highest concentrations and most significant mass of chlorinated solvent contamination is 
found and where the TCRA is being implemented, which is referred to herein as the “‘source 
area”. The saturated zone within this source area is the focus of the investigation. 

This investigation will include installation of monitoring wells, advancement of soil bormgs, and 
sample analysis. A detailed investigation plan is presented in Section 3.0 of this Work Plan. 

1.1 Objectives of Supplemental Investipation 

The objectives of the Supplemental Investigation are threefold: 

1. Define the vertical and horizontal extent of the source area (including DNAPL) 
contamination below the water table in the southern portion of the site; 

2. Characterize stratigraphy and hydrogeology in the southern portion of the site; 
and 

3. Provide data needed to support selection, design, and implementation of remedial 
technologies to address source zone contamination (including DNAPL) within 
the saturated zone in the southern portion of the site. 

1.2 Work Plan Format 

The following elements are presented in this Work Plan. 

Section 2.0 - Site Background and Current Site Conceptual Model 
Section 3.0 - Supplemental Investigation Tasks 
Section 4.0 - Project Management and Staffing 
Section 5.0 - Project Schedule 
Section 6.0 - References 
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Section 2.0 provides site background and history, as well as a current site conceptual model. This 
model is a concise description of known hydrogeological and contaminant conditions. Section 
3.0 provides a general discussion of the proposed Supplemental Investigation field program and 
reporting tasks, but more importantly, provides the rationale for the number, type, and location of 
samples. More detailed descriptions of the field investigation activities are documented in the 
Field Sampling and Analysis Plan (FSAP). Section 4.0 discusses project staffing for 
implementing the investigation. The project schedule is provided in Section 5.0. References 
used in developing the Work Plan are provided in Section 6.0. 
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2.0 SITE BACKGROUND AND CURRENT SITE CONCEPTUAL MODEL 

This section presents a brief summary of the site background and history. Detailed descriptions 
of the site background, history, and conditions are presented in previous documents referenced 
herein. The conceptual model presented in Section 2.2 is a synthesis of the available information 
that includes stratigraphy, hydrogeology, and the nature and extent of contamination. 

2.1 Site Background 

Site 89 is located near the intersection of “G” and Eighth Street in the Camp Geiger area of MCB 
Camp Lejeune. Between 1987 and the summer of 2000, the DRMO operations were located at 
Site 89. The DRMO was essentially a used military equipment salvage yard and metals recycling 
center. Prior to 1987, Site 89 was used for heavy vehicle maintenance and storage. Base 
personnel also report that the DRMO was used as a storage/staging area for fuel bladders. A 
former underground storage tank (UST) was located just south of Building TC-867 (Figu:re 2-l). 
The detection of chlorinated solvents in the groundwater around the UST initially led to the RI/FS 
at Site 89. Significantly increasing concentrations of PCA at well MW02 (located adjacent to the 
former UST) led to additional investigations that focused on the former fuel bladder storage area 
and heavy vehicle maintenance and storage area. These additional investigations found 
significant chlorinated solvent contamination in the southern portion of the DRMO, whiclh is the 
focus of the current TCRA and this Supplemental Investigation. A detailed site description and 
history can be found in the Final Remedial Investigation Report, Operable Unit No. 16 (Sites 89 
and 93) (Baker, 1998) and the Final Action Memorandum for Time-Critical Removal Action Site 
89, Operable Unit 16 (Baker, 2000a). 

The site is bordered by a former railroad and wooded areas to the east, Edwards Creek. to the 
south and west, and the Camp Geiger motor pool to the north (Figure 2-l). 

Previous investigations and actions at Site 89 include: 

l An Initial Assessment Study (IAS), conducted by Water and Air Research, Inc., in 1983 

l A Well Site Check conducted by R.E. Wright Environmental, Inc. in 1994 

l An RVFS conducted by Baker in 1996 and 1997 

l Continuing Long-Term Monitoring (LTM) conducted by Baker since April 1999 

l Immediate Response field efforts conducted by Baker in June/July1999 

l Soil contamination delineation conducted by Baker in October 1999 and December 1999 

l Additional delineation of soil and groundwater contamination conducted by Baker in March 
2000 

l Pre-TCRA soil delineation conducted by Baker in April 2000 

l Time-Critical Removal Action of contaminated vadose zone soils conducted by OHM 
Remediation Services during 2000 and 2001 
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The immediate response field investigation efforts focused primarily on defining soil 
contamination in the vadose zone and associated groundwater contamination. The findings from 
these and previous investigations indicated that contaminants including PCA, tetrachloroethene 
(PCE), TCE, and vinyl chloride (VC) exceeded screening criteria in soil, groundwater, surface 
water, and sediment. The findings also indicated that a significant contaminant source zlone was 
present below the water table in the southern portion of Site 89, and was (in part) in the form of a 
DNAPL. 

2.2 Current Site Conceptual Model 

The current site conceptual model was developed based on data collected from previous 
investigations, including the RI, immediate response investigation activities, and the soil 
delineation investigations. The model describes current conditions relative to stratigraphy, 
hydrogeology, and the nature and extent of contamination. This model is dynamic in t.hat it is 
updated and refined as new data are acquired. The purpose of this model is to provide: a basis 
from which contaminant fate and transport and risks can be assessed, and appropriate remedial 
action alternatives and data gaps can be identified. Data gaps are discussed in Section 3.4 of this 
Work Plan. 

In general, the site stratigraphy can be categorized into the following units (Baker, 1998): 

l The uppermost sediments beneath Site 89 consist of fine sand, trace to some silt, and trace to 
little clay, with a thickness of approximately 7 feet. Occasional, small clay lenses are 
apparent within, and at the base of this upper sand. These lenses exhibit a typical thickness of 
2 to 4 feet. 

l Below the upper sand is another fine sand, with trace to and silt, and trace to some clay. Its 
thickness is approximately 13 feet. 

l A relatively fine-grained layer is present at some locations at Site 89, beginning at a depth of 
14-feet below ground surface (bgs) in the former vehicle maintenance and storage source 
area. This layer is a very fine sand with some silt, trace to some clay, and is approximately 4- 
feet thick. The water content was observed to be less than the sand layers above and shell 
layer below, which may be important to the fate and transport of DNAPL. The extent and 
thickness of this layer has not been fully defined within the former DRMO area. 

l Below the lower sand is a marine layer, consisting of interbedded shell and calcareous sand 
layers, with a trace to and silt, trace to little clay. The thickness of this layer is variable, 
ranging from 25- to 60-feet. This layer has been identified as the River Bend Formation, and 
is the upper portion of the Castle Hayne aquifer system. 

l Below the marine layer is a locally semi-confining layer. This layer consists of fine sand, 
little to and silt, trace to some clay. This layer is generally encountered from 40- to 45-feet 
bgs in the southern portion of Camp Geiger, including Site 89, and is approximately 15-feet 
thick. 

It should be noted that, during the TCRA, the RAC contractor encountered debris in the 
uppermost sediments within the excavation. 
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Groundwater is shallow at Site 89, generally within 5 feet of the ground surface, and occurs in the 
upper and lower sands and the marine layer. Shallow groundwater flow within the surficial 
aquifer is strongly controlled by Edwards Creek. Within the former DRMO area, groundwater 
flow is somewhat radial, defined by the curve of the Creek. Shallow/intermediate well pairs on 
both sides of Edwards Creek show groundwater flow potential in an upward direction!, which 
suggests that groundwater discharges to Edwards Creek. East of the railroad right-(of-way, 
shallow groundwater flow is to the east, toward the New River. Groundwater flow within the 
upper portion of the Castle Hayne aquifer is controlled more by the New River, as flow is easterly 
(Baker 2000d). 

The horizontal hydraulic conductivity in the upper and lower fine sand units averages 8.4 feet/day 
across Site 89. The horizontal hydraulic conductivity in the shell and sand unit averages 170.2 
feet/day across Site 89. This information is based on slug tests conducted in wells mostly outside 
the DEMO fence, to the east (Baker, 1998). 

Chlorinated solvent and fuel compounds have been detected in soil, groundwater, surface water, 
and sediment at Site 89 (Baker 2000a and 2000~). Contaminants include PCA, 
1,1,2-tetrachloroethane (1,1,2-TCA), 1,l -dichloroethene, 1,2-dichloroethane, PCE, TCE, 
1,2-dichloroethene (1,2-DCE), vinyl chloride, chlorobenzene, acetone, methylene chloride, 
2-butanone, 4-methyl-2-pentanone, benzene, toluene, ethylbenzene, and xylenes (BTEX.). The 
most significant compound in terms of concentration and extent are PCA and TCE, and to a lesser 
extent PCE and vinyl chloride. Figure 2-2 summarizes the extent of PCA and TCE contamination 
in soil and groundwater. 

The data collected to date suggest that there are multiple soil contaminant plumes. In the former 
vehicle maintenance and storage area (southern portion of Site 89), a substantial PCA soil plume 
appears to be relatively young and has been superimposed on an older TCE/petroleum soil plume. 
Evidence to support this interpretation include: 

l PCA has been found at concentrations much higher than TCE. 
l PCA does not degrade to TCE. 
l TCE is a common degreaser used in vehicle maintenance. 
l Petroleum-related constituents (including BTEX) have also been observed in soils. 

A second source area is located between the former UST area and the scrap metal pile in the 
northern portion of the site. In the second source area, PCA has been detected in soils, but at 
relatively low concentrations. 

Significant contamination has been found in soil both above and below the water table. Vadose 
zone soil contamination has been well defined in the former vehicle maintenance and storage area 
(Baker, 2000~ and Figure 2-2). Significant concentrations of chlorinated solvents, most notably 
PCA and TCE, were detected below the water table at concentrations of 87,000,OOO parts per 
billion (ppb) and 3,000,OOO ppb, respectively. Relatively low concentrations of petroleum 
contamination (as BTEX) were also observed above the water table in the extreme southern 
portion of the former maintenance area at a maximum concentration of 11,200 ppb (total BTEX). 
Data from soil samples and groundwater samples from the maintenance area source zone indicate 
the presence of residual DNAPL above and below the water table (Figure 2-2 and Baker, 2000b). 
The extent of DNAPL has not been defined. PCA and TCE contamination in vadose soils was 
also observed in the vicinity of the former UST, but at much lower concentrations compared to 
the southern area ( 13 ppb and I, 100 ppb respectively). 
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Shallow groundwater contamination is also significant (Baker, 2000b/2000c and Figure 2-2). The 
highest concentrations of PCA (1,800,OOO ppb) and TCE (360,000 ppb) appear to be withGn, and 
downgradient of, the former vehicle maintenance and storage area source zone. The nature and 
extent of groundwater contamination within, and downgradient of, the continuing source zone has 
not been fully characterized. PCA and TCE were also observed in wells in the vicinity of the 
former UST, but at significantly lower concentrations than in the former maintenance area 
(26,000 ppb and 6,600 ppb respectively). A large TCE plume is evident east of the site, which 
appears to have emanated from Site 89. 

Surface water and sediment samples from Edwards Creek and a drainage ditch located on the 
eastern side of the former DRMO also contained PCA and TCE (Baker, 2000~). Surface water 
contamination is highest at the southern end of the drainage ditch just as it discharges into 
Edwards Creek (PCA at 2,500 ppb and TCE at 730 ppb). Sediment contamination is also highest 
in the southern end of the drainage ditch just as it discharges into Edwards Creek (PCA at 2,500 
ppb and TCE at 730 ppb). 
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3.0 SUPPLEMENTAL INVESTIGATION TASKS 

This section identifies the tasks and field investigations required to complete the proposed field 
activities for the Supplemental Investigation at Site 89. In addition, data quality and sarnpling 
objectives are presented (Section 3.3). 

3.1 Proiect Manapement 

Project Management involves activities such as technical support and guidance, budget and 
schedule review and tracking, preparation and review of invoices, personnel resources planning 
and allocation, preparation of monthly progress reports, and communication with LANTDIV and 
the Activity. 

3.2 Subcontract Procurement 

This task involves the procurement of services such as drilling, surveying, laboratory analysis, 
and data validation. Procurement of these services will be performed in accordance with the 
Navy Clean Contract Procurement Manual. 

3.3 Data Qualitv and Sampliw Obiectives 

The purpose of this section is to define the site-specific data quality and sampling objectives in 
order to fulfill the overall goals of characterizing the source area in the southern portion of Site 
89, so that a remedial action may be implemented. The site-specific objectives presented in this 
section have been identified based on the USEPA seven-step data quality objectives (DQO) 
process, as presented in USEPA Guidance for the Data Qualitv Obiectives Process (USEPA, 
2000a) and USEPA Data Qualitv Obiectives Process for Hazardous Waste Site Investi~rations 
(USEPA, 2000b). 

3.3.1 Data Quality Objectives Process 

DQOs are qualitative and quantitative statements, developed using the USEPA DQO Process, that 
clarify study objectives, define the appropriate type of data, and specify tolerable levels of 
potential decision errors that will be used as a basis for establishing the quality and quantity of 
data needed to support decisions. DQOs define the performance criteria that limit the 
probabilities of making decision errors by considering the purpose of collecting data; defining the 
appropriate type of data needed; and specifying tolerable probabilities of making decision errors. 
The seven-step DQO process is as follows: 

l Step 1 - State the Problem 
l Step 2 - Identify the Decision 
l Step 3 - Identify the Inputs to the Decision 
l Step 4 - Define the Boundaries of the Study 
l Step 5 - Develop a Decision Rule 
l Step 6 - Specify Tolerable Limits on Decision Errors 
l Step 7 - Optimize the Design for Obtaining Data 

In Step 1 of the DQO Process, the planning team is established, the problem is described, a 
conceptual model of the environmental hazard to be investigated is developed, and available 
resources, constraints and deadlines are identified. 
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Step 2 of the DQO Process should identify the principal study question, define alternative actions, 
develop a decision statement and state each decision in terms of whether to take action, and 
organize multiple decisions into an order of priority. 

Step 3 of the DQO Process should identify the kinds of information needed, identify the sources 
of information, determine the basis for setting the action level, and confirm the appropriateness of 
proposed sampling and analyses methods. 

Step 4 of the DQO Process should define the target population (i.e., what is to be sampled), 
determine the spatial and temporal boundaries, identify practical restraints, and define the scale of 
decision making. 

Step 5 of the DQO Process should define the population parameter, determine what action is 
needed, and confirm that the action level exceeds minimum detection limits. 

Step 6 of the DQO Process should specify tolerable limits on decision errors. 

Step 7 of the DQO Process is the review of existing environmental data, evaluation of the 
operational decision rules, development of general data collection design alternatives, calculation 
of the number of samples to be taken, and selection of the most resource-effective data collection 
system. 

The seven-step DQO process for Site 89 is documented in the sections that follow. 

3.3.1. I Step 1 - State the Problem 

The first activity associated with this step is to establish the planning team. For Site 89, the 
planning team includes the USEPA, North Carolina Department of Environment, Health, and 
Natural Resources (NCDEHNR) (Superfund and Groundwater Divisions), LANTDIV, the 
Activity, CH2M Hill, and Baker Environmental. These team members are decision-makers for 
the DQO Process. 

The problem is that the planning team’s objective is to implement remediation of the source area 
in the southern portion of the DRMO; however, the source area has not been adequately 
characterized and the limits of the source area are not defined. A current conceptual site model is 
provided in the Site Summary Report (Baker, 2000d) and is summarized in Section 2.2 of this 
Work Plan. Data gaps are presented in Section 3.4 of this Work Plan. 

The Project Schedule is presented in Section 5.0 of this Work Plan. This schedule presents the 
anticipated completion and/or submittal dates for specific tasks or documents. 

3.3.1.2 Step 2 - Identify the Decision 

The principal study question identified is: 

l What is the extent of the contaminant source zone below the water table in the southern 
portion of Site 89? 

Before a decision statement can be formulated, a definition of the contaminant source zone must 
be clarified. Contaminants in an aquifer matrix can dissolve into groundwater under two 
conditions: 
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1. Free-phase and/or residual non-aqueous phase liquid (NAPL) (in the case of Site 89; dense 
NAPL, or DNAPL) 

2. Contaminant concentrations in the aquifer matrix at less than NAPL solubilities that are still 
providing a source of dissolved groundwater contamination. 

For this Supplemental Investigation, the contaminant source zone will be defined by the presence 
of NAPL, and by the presence of contaminants at concentrations greater than 10% of their NAPL 
(pure-phase) solubility. 

Considering the principal study question and definition of the contaminant source zone, the 
decision statement is as follows: 

l Define the contaminant source zone by determining whether or not the concentration of a 
given VOC at any given sampling point below the water table exceeds NAPL saturation or 
exceeds 10% of NAPL saturation. 

3.3.1.3 Step 3 - Identifv the Inputs to the Decision 

Existing information regarding the extent of the source zone below is limited. Partial source zone 
delineation (shown on Figure 3-l) can be performed using the data collected during the: March 
2000 event. It is evident that additional data are required to completely delineate the DNAPL and 
the source zone and characterize the aquifer. The kinds of data and sources used to resolve the 
decision statement include: 

Kinds of Information Sources of Information 

Location of DNAPL Existing and new field/laboratory analytical data, in situ 
VOC measurements, dye shake tests, and NAPL, ribbon 
samplers 

Location of Capillary Barriers Existing boring logs and new soil borings and in situ 
electrical conductivity measurements 

Nature and Extent of Dissolved- 
Phase Groundwater Plume 

Existing analytical data from existing wells, and new 
data from new and existing wells 

Chemical Solubilities Published chemical reference books 

The criterion for determining the presence of DNAPL will be based on analytical results (using 
the solubility criteria presented in Section 3.3.1.5) and results of NAPL indicator tests (dye shake 
test and NAPL ribbon samplers). Data collected to date indicate that PCA concentrations 
represent approximately 95% of the total VOC concentration. The remainder is primarily TCE. 
The solubility limit of PCA in water is 2,900 mg/L at 20°C. The solubility limit of TCE in water 
is 1,100 mg/L at 20°C (Montgomery, 1990). Contaminants at concentrations in excess of either 
their pure-phase solubility or 10% of that solubility will be used to determine the presence of 
source area contamination in the groundwater. 
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As described in Section 3.4, total VOCs will be measured in closely spaced in-situ samples by a 
Membrane Interface Probe (MIP). This data will be verified by the selection of certain samples 
for GUMS analytical methods (by either mobile laboratory of fixed-base laboratory). Both the 
MIP and GUMS detection limits will be well below the action levels. Additionally, ribbon 
NAPL samplers (RNS) and dye shake tests will be deployed at select locations to verify the 
presence of DNAPL and will provide qualitative information regarding the presence or absence 
of DNAPL. 

3.3.1.4 Step 4 - Define the Boundaries of the Study 

The subsurface soil below the water table is what will be sampled (the target population in DQO 
parlance) Figure 3-1 shows proposed boring locations within the target population. The estimated 
dimension of the subsurface soil sampling unit is approximately 150,000 sq. ft. (3.4 acres). Based 
on existing analytical data, the source zone (including DNAPL) is expected to be much smaller, 
but the actual extent is not currently known. The depth of the subsurface soil sampling is 
estimated to be a maximum of 20 feet, but the actual depth is not currently known. 

Temporal changes in the extent of NAPL are expected to be limited. NAPL mass loss does occur 
through dissolution of the NAPL into the groundwater; however, typical NAPL dissolution rates 
are extremely slow. Thus, NAPL mass loss with respect to duration of investigation and 
remediation will be negligible. Thus data collection is not time dependent and the decision 
regarding the source zone will be based on existing conditions at the time of investigation. 

Practical constraints to sample collection are insignificant. There are no physical barriers or 
access issues at this site. Weather conditions (such as heavy rain) can delay sampling, but is not a 
serious constraint. 

3.3.1.5 Step 5 - Develop a Decision Rule 

The decision rule constructed for this investigation contains two components: 

1) If a given concentration at a given sampling point exceeds the solubility limit l’or that 
contaminant (action level), then that sampling point will be considered to be DNAPL in 
the source zone. For the purpose of this investigation, the following solubilities will be 
used as action levels: 

. 2,900 mg/L for PCA 

. 1,100 mg/L for TCE 

2) If a given concentration at a given sampling point exceeds 10% of the solubility limit for 
that contaminant (action level), then that sampling point will be considered to be in the 
source zone. For the purpose of this investigation, the following concentrations will be 
used as action levels: 

l 290 mg/L for PCA 
. 1 IO mg/L for TCE 
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3.3.1.6 Step 6 - Specifv Tolerable Limits on Decision Errors 

Specification of tolerable limits on the decision errors will not be performed at this time. The 
sampling grid is flexible and will include points inside and outside the suspected source zone, so 
that the limits of the source zone will be completely established. Specification of tolerable limits 
on the decision errors may be performed at a later date as determined by the planning team. 

3.3.1.7 Step 7 - Optimize the Design for Obtaining Data 

There are two fundamental goals for Step 7, and both rely on the review of existing data and 
information: 

l To evaluate the decision rule 
l To design and optimize the sampling and analysis program 

The decision rule developed in Step 5 has been shown to be valid following review of existing 
data. In this case, a simple statistical hypothesis test will be used, broadly classified as a one- 
sample test. The test will involve a comparison of individual analytical data to a known value 
(solubilities of PCA and/or TCE). 

Existing information/data has been reviewed to evaluate and develop the data collection strategy 
for the field program. Investigations for locating and determining the nature and extent of a 
source zone differ from a typical Remedial Investigation in several ways: 

l Horizontal sample spacings are small (in some locations borings are spaced 25 feet apart) 
l Vertical sample spacings are on the order of inches 
l In-situ data collection is important in field interpretation and planning 
l The work plan needs to be dynamic, allowing flexibility for field decisions (i.e., relocating 

sampling points) 

The development of alternate sampling plans is not practical given the dynamic nature of this 
investigation. Additionally, the flexibility of the work plan optimizes resources, in that the 
number and location of sampling points is determined by field conditions. 

The proposed sampling and analysis program is detailed in the next section. 

3.4 Supplemental Investbation Field ProPram 

An overview of the investigation activities to be conducted at the site is presented in this :section. 
Specific details with respect to the sampling procedures, locations and number of samples, and 
analytical methods are provided in the FSAP and QAPP. The field program described below will 
provide data to meet the overall investigation objectives presented in Section 1 .l of thi:s Work 
Plan. 

Soil borings will be advanced in the former vehicle maintenance and storage area via direct-push 
rig and truck-mounted drill rig (Figure 3-l). The purpose of the borings is to characterize 
stratigraphy and delineate DNAPL/source zone below the groundwater table. Permanent 
monitoring wells will be installed within and downgradient of the former vehicle maintenance 
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and storage area source zone to further define the extent of groundwater contamination. All soil 
boring locations and permanent monitoring wells will be surveyed. 

The site conceptual model identified three primary data gaps: 

l An undelineated continuing source zone (including DNAPL) in the former vehicle 
maintenance and storage area below the water table. 

l Insufficient stratigraphy characterization in and around the source zone, particularly potential 
DNAPL vertical flow barriers. 

l Insufficient data regarding dissolved-phase groundwater contamination within the source 
zone and immediately downgradient of the source area. 

The soil and groundwater investigation presented below has been designed to fill these dat:a gaps. 
This will be accomplished through the use of soil borings and permanent monitoring wells as 
discussed in the following paragraphs. 

Soil Investigation 

Approximately 56 direct-push borings will be advanced at locations shown on Figure 3-1. The 
sampling program will consist of borings spaced at 25 to lOO-foot intervals on a grid covering the 
entire southern portion of the DRMO. Borings will be spaced at 25-foot intervals in the area 
where soil contaminant concentrations are highest (where free-phase DNAPL is suspected). 
Borings will be spaced at 50-foot intervals in the area where groundwater contaminant 
concentrations are highest. Borings will be spaced at staggered lOO-foot intervals in other areas. 

The purpose of these borings is to address the stratigraphy and source zone delineation data gaps. 
The borings will be advanced to depths required to vertically delineate the source area. Based on 
information obtained from some of the previous investigations, the borings are expected to be a 
maximum of 20 feet deep, but could be deeper depending on the concentration of contamination. 
One or two borings may be advanced deeper outside the suspected source zone to characterize the 
stratigraphy below 20 feet. The borings located on the east-west centerline (Line 1) and on two 
north-south centerlines (Line 2 and 3) will be advanced first (a total of 23 borings). These three 
lines of borings should indicate a gross extent of DNAPL and source zone contamination. Boring 
distances may be adjusted, or additional borings added to the initial lines to determine a gross 
extent. The grid size and boring spacing may then be adjusted accordingly so that the remaining 
borings can adequately and accurately define the source zone extent. 

Two rigs will be mobilized to the site, either Geoprobe or Stratoprobe rigs. The first rig will be 
equipped with a Membrane Interface Probe (MIP) and a soil electrical conductivity probe. The 
probe pair, run in tandem, will produce real-time vertical profiles of stratigraphy and total VOC 
concentration distribution on closely spaced intervals (typically a few centimeters). 

The second rig will be equipped with standard soil coring tools and will immediately follow the 
MIP rig. This second rig will be used to collect soil core samples at about 40 of the 56 MIP 
boring locations. (These borings will be offset slightly from the MIP borings.) The purpose of 
this rig is to collect soil samples for confirmation of the MIP results and determination of 
individual VOC concentrations via on-site GUMS. It is anticipated that five samples will be 
collected from each of the 40 borings (for a total of 200 samples). 
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Ten percent of the samples subject to field GC/MS will be split and be shipped to a fixed-blase lab 
to confirm the findings of the field GS/MS and to assess whether or not DNAPL is present. It is 
anticipated that 20 samples will be split for fixed-base laboratory analysis. The fixed-base 
analytical data will be input into a computer program called, “NAPLANAL.” NAPL,ANAL 
partitions contaminant concentrations into water, soil, and NAPL based on certain aquifer matrix 
and contaminant characteristics. 

All of the subsurface soil samples collected from the borings for analysis will be analyzed for 
target compound list (TCL) volatile organic compounds (VOCs). To support the remedial 
technology evaluation, selected samples will be analyzed for total organic carbon (TOC), grain 
size, synthetic precipitation leaching procedure (SPLP), and laboratory permeability. These 
samples will be sent to fixed-base laboratories. 

Dye-shake tests will also be performed at selected borings where the presence of DNAPL is 
suspected (as determined by the MIP and previous investigation data). This simple and quick test 
will be performed by the field geologist supervising the operation of the second rig. In this test, a 
small amount of Red Sudan dye is placed in a jar with a soil sample and is shaken. If DNAPL is 
present, the sample turns red. The dye shake test results will confirm the presence of absence of 
DNAPL in individual samples. 

Based on the results of the MIP and dye shake tests ribbon NAPL samplers (RNS) will be 
deployed. It is anticipated that approximately four ribbon NAPL samplers (RNSs) will be 
deployed at selected borings where the presence of DNAPL is confirmed or suspected. The RNS 
is an inflatable cloth tube that is saturated with a dye that becomes red in the presence of NAPLs. 
The RNS will exhibit a positive response to the presence of NAPL and will provide a continuous 
vertical profile of DNAPL distribution in the subsurface. The dye shake tests and RNSs also will 
assist in qualitatively calibrating MIP responses. 

There are several advantages to using on-site data collection tools such as the MIP/conductivity 
probe technology: 

l It is recognized by the Technology Innovation Office of the USEPA that many lower-quality 
data points (e.g., MIP/tield GC/MS) is more likely to yield a defensible site decisEon than 
fewer high quality data points (e.g., CLP fixed-based analysis) (CLU-IN, 2000). 
Additionally, many lower-quality data points generate a more complete site characterization. 

l Savings in fixed-base analytical laboratory costs offset the increased field costs. 

l Delineation can be completed in one mobilization based on real time data collection. 

l The number of samples can be optimized based on field data. 

l The project duration can be shortened and overall costs reduced. 

Groundwater Investigation 

Two permanent monitoring well clusters will be installed to address the groundwater data gap. 
Permanent monitoring wells will be used rather than temporary wells, so that they can be used for 
slug testing, remedial performance assessment, and possible long-term monitoring. The wells 
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will be constructed of stainless steel because of the possible presenCe of DNAPL and its 
resistance to extreme heat should a thermal remedial technology be implemented in the future. 

Each cluster will contain one Type II shallow monitoring well (approximately 15-ft deep) and one 
intermediate Type II monitoring well (approximately 40-e deep) for a total of four new wells. 
One cluster will be placed in the approximate center of the source zone, the other directly 
downgradient of the source area (Figure 3-l) between existing clusters MWl L and MW0’9. The 
shallow monitoring well will be installed in the surficial aquifer and will intersect the water table. 
The intermediate monitoring well will be installed in the upper portion of the Castle Hayne 
aquifer, immediately above a semi-confining layer observed at approximately 40-feet bgs. 

Groundwater samples will be collected from existing monitoring well clusters MW09, MW 11, 
the two new monitoring well clusters, as well as shallow monitoring wells MWOS, MWlO, and 
MW12. This sampling scheme will provide data for groundwater surrounding the former vehicle 
maintenance and storage area. Samples will be analyzed at a fixed-base laboratory for TCL 
VOCs using CLP protocols. 

If the analytical results indicate the presence of significant contamination in either of the 
proposed intermediate wells, deeper wells may be required to fully delineate the vertical extent of 
dissolved-phase contamination. This work will be scoped and preformed during a later phase and 
will not be detailed in this Work Plan. 

Slug tests will be conducted as necessary to estimate horizontal hydraulic conductivity of the 
aquifer in the source zone area to support remedial action selection. To date, no horizontal 
hydraulic conductivity estimates have been performed in this area. At a minimum, three slug 
tests will be performed to estimate the hydraulic conductivity of the shallow aquifer, as hydraulic 
conductivity is essential in evaluating remedial technologies. 

Surface Water/Sediment Investigation 

Surface water and sediment samples will be collected to assess current conditions in Eidwards 
Creek and evaluate historical trends in contaminant concentrations. Five surface water samples 
and five sediment samples will be collected from Edwards Creek, one each from five stations as 
shown on Figure 3- 1. 

Investigation Derived Waste (IDFf/) Handling 

Soil cuttings from drilling and groundwater from well development and sampling will be 
generated. Details regarding IDW handling and disposal are provided in Section 6.10 of the 
FSAP. 

3.5 Sample Analysis and Validation 

This task involves efforts relating to the following post-field sampling activities: 

l Sample Management 
l Laboratory Analysis 
l Data Validation 
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Sample management activities involve: coordination with laboratories; tracking of samples 
submitted for analysis; tracking of analyses received, and; tracking of information related to 
samples submitted and received from a third party validator. Sample management also involves 
resolving technical or administrative problems (e.g., reanalysis, resubmission of information) as 
necessary. 

Laboratory analysis begins when the samples are shipped from the field and received by the 
laboratory. Validation begins when the validator receives the “raw” laboratory data. Baker will 
also receive the data from the laboratory, and enter it into a database for tracking purposes. A 
validation report will be expected within three weeks following receipt of laboratory data 
packages by the validator. CLP data will be validated per the CLP criteria as outlined in the 
following documents: 

l USEPA, National Functional Guidelines for Organic Data Review (EPA 540/R-99-008) 
(B99-963506) 

l USEPA, Hazardous Site Evaluation Division, Laboratory Data Validation Functional 
Guidelines for Evaluating Inorganics Analyses, 1994. 

All other data will be validated in accordance with the method of analysis using the National 
Functional Guidelines as a reference. 

3.6 Data Evaluation 

This task involves efforts related to the data once it is received from the laboratory and is 
validated. It also involves the evaluation of any field-generated data, including water level 
measurements, test boring logs, and other field notes. Efforts under this task will include the 
tabulation of validated data and field data, generation of test boring logs and monitoring well 
construction logs, generation of geologic cross-section diagrams, and the generation of other 
diagrams associated with field notes or data received from the laboratory (e.g., sampling location 
maps). 

3.7 Supplemental Investipation Report 

A report will be prepared that will: 

l Discuss investigation procedures that deviated from the FSAP 
l Provide complete analytical results package 
l Discuss major findings 

Reporting of the Supplemental Investigation results will be including as part of the Technology 
Evaluation Report, which will present an evaluation of technologies that may be used to 
remediate the contaminant source zone. 
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4.0 PROJECT MANAGEMENT AND STAFFING 

Mr. Michael Slade, CH2M Hill Project Manager, will provide overall coordination, project 
administration, and senior QA/QC functions. In addition, Mr. Slade will keep abreast of all 
project activities and will maintain close communication with the Navy Technical Representative 
and the Base. 

Ms. Tracey L. O’Keefe, P.E. will manage the Baker Project Team. Her primary responsibilities 
will include guiding, monitoring and coordination of the technical aspects of the project. n4s. 
O’Keefe also will be responsible for Baker project administration and the overall quality 
assurance and quality control (QA/QC) of project deliverables. 

Mr. Richard Bonelli, P.G., the Baker Activity coordinator, will serve as essential member of the 
management team, maintaining communication with CH2M Hill, LANTDIV, and the Base. 

The Baker Project Team will include a Project Geologist, an Assistant Geologist, and technical 
support staff as shown in Figure 4-1. 
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FIGURE 4-l 

PROJECT ORGANIZATION 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

LANTDIV 
Environmental/Technical 

Project Administrator/Coordinator I 
I Baker Environmental 3; 

Mr. Rich Bonelli :::f:::’ ::i$:::: :::::::: 
Baker Environmental Camp Lejeune Activity Coordinator 

Ms. Tracey O’Keefe 
Project Manager 

Sr. Technical &rersight and QA/Q 



5.0 SCHEDULE 

The proposed schedule as defined by Project Milestones is presented in Figure 5-l. The field 
investigation will commence following completion of the on-going TCRA. 
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FIGURE 5-l 

PROPOSED PROJECT SCHEDULE 
SITE 89 SUMMPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 1) Initiation of the field work will be contingent upon completion date of the TCRA. 
2) Reporting for the Supplemental Investigation will be submitted in conjunction with the technology evaluation report, which 

may be on a different timeline. 
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1.0 INTRODUCTION 

This Field Sampling and Analysis Plan (FSAP) presents the proposed Supplemental Investigation 
field activities that are to be conducted at Operable Unit (OU) No. 16, Site 89 - the former 
Defense Reutilization Marketing Office [DRMO] at Marine Corps Base (MCB), Camp Lejeune, 
North Carolina. The field activities will include the advancement of direct-push and auger 
borings and the installation of additional permanent shallow and intermediate monitoring wells. 
The FSAP is part of the Project Plans, which also include the Work Plan, Quality Assurance 
Project Plan (QAPP), and Health and Safety Plan (HASP). 

The primary purpose of the FSAP is to provide guidance for all project field activities by 
describing in detail the sampling and data collection methods to be used in implementing the 
various field tasks identified in the Supplemental Investigation Work Plan for Site 89. This 
document also helps to ensure that project activities are carried out in accordance with the United 
States Environmental Protection Agency (USEPA) Region IV and Naval Facilities Engineering 
Service Center (NFESC) standard operating procedures (SOPS), so that data obtained during the 
field investigation are of sufficient quantity and quality to evaluate the nature and extent of source 
zone contamination and to evaluate potential technologies for remediation at the source area. 
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2.0 SITE BACKGROUND 

A description of the history and setting of Site 89 is contained in Section 2.0 of the Supplemental 
Investigation Work Plan. 
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3.0 SAMPLING OBJECTIVES 

The sampling and data quality objectives are to provide data to delineate the extent. of the 
contaminant source zone and to support the design and implementation of a remedial action. 
Detailed sampling and data quality objectives are presented in Section 3.0 of the Work Plan. 
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4.0 SAMPLING LOCATIONS AND FREQUENCY 

This section of the FSAP describes the location and frequency of environmental samples to be 
collected during the sampling program. Support activities, sampling locations, sample matrix, 
constituents to be analyzed for and Quality Assurance/Quality Control (QA/QC) requirements are 
discussed within this section. Detailed investigation procedures, sampling, handling, and 
analytical requirements are provided in Sections 6.0 and 7.0, respectively. 

The following investigation and support activities will be conducted at Site 89: 

l Surveying 
l Groundwater Investigation 
l Soil Investigation 
l Quality Assurance/Quality Control Samples 
l Investigation Derived Waste Handling 

Each activity is described in the subsections that follow. 

4.1 Surveying 

This task will involve the surveying of the borings and permanent monitoring wells. The location 
of each boring and the corresponding elevation will be surveyed. The location and elevation of a 
reference point on top of the well riser and the elevation of the ground surface will be surveyed 
for each newly installed monitoring well. Survey points will include latitude and longitude 
coordinates, and an elevation expressed in feet above mean sea level. The vertical accuracy of 
the survey will be within 0.01 feet and the horizontal accuracy will be within 0.1 feet. All survey 
points will be correlated to the North Carolina State Plane Coordinate System. 

4.2 Soil Investigation 

A soil investigation will be conducted in the vicinity of the contaminant source zone in the former 
vehicle maintenance and storage area (in the southern portion of the former DRMO). A. utility 
clearance will be conducted prior to monitoring well boring installation. The subsections that 
follow provide a description of the proposed investigation. 

4.2.1 Sampling Locations 

Approximately fifty-six direct push borings will be advanced in locations shown on Figure 4-l. 
In situ VOC concentration and soil electrical conductivity measurements will be made throughout 
the depth of each boring. Each boring is expected to be approximately 20 feet deep with one or 
two borings advanced deeper for stratigraphy characterization. A Geoprobe or Stratoprobe rig 
will be fitted with a Membrane Interface Probe (MIP) and a soil conductivity probe. The probe 
pair, run in tandem, will produce a real-time vertical profile of stratigraphy and contaminant 
distribution on closely spaced intervals (typically a few centimeters). 

A second rig will be equipped with standard soil sampling tools and will follow the MIP rig. The 
purpose of this rig is to collect soil samples for confirmation of the MIP results and determination 
of individual VOC concentrations via on-site GUMS analysis. Continuous soil core samplles will 
be collected at about 40 of the 56 MIP borings. (These borings will be slightly offset from the 
MIP borings.) It is anticipated that five samples will be collected from each of the 40 borings (for 
a total of 200 samples). Samples will be submitted for on-site analysis on the basis of the MIP 
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results. Samples will be collected from no/low total VOC concentrations, moderate totaLl VOC 
concentrations, and high total VOC concentrations. It should also be noted that soil samples will 
not be collected from TCRA-treated soil and backfilled areas or from depths of less than 5-feet of 
the ground surface, where previous characterization has been performed. 

Ten percent of the samples subject to field GUMS will be split and shipped to a fixed-base lab to 
confirm the findings of the field GS/MS. Samples for laboratory analysis will be collected below 
the water table by SW-846 Method 5035 (using EncoreTM Samplers). 

4.2.2 Analytical Requirements 

Four types of data will be generated during this investigation: 

l Qualitative field data 
0 Semi-quantitative field data 
l Quantitative field and mobile laboratory data 
l Quantitative fixed-base laboratory data 

It is recognized that this investigation will be driven by, and interpretations made from, data from 
field-based analytical methods. Some of the investigation technologies proposed are considered 
innovative, but have proven results and demonstrated reliability. SOPS regarding the use of 
equipment such as the MIP, the electronic capture detector (ECD), the gas chromatograph/mass 
spectroscopy (GUMS), and RNS will not be included in this document due to the large amount 
of information the SOPS would contain. However, contractors specialized in the use o’f these 
methods will be used and their SOPS will be available upon request. A brief discussion of the 
analytical requirements follows: 

The qualitative field data will include the Ribbon NAPL Sampler (RNS) and dye shake test. Four 
RNSs will be deployed at selected borings where DNAPL is suspected. The project geologist 
also will perform the dye shake test on selected samples where DNAPL is suspected. Both these 
tests will indicate whether or not DNAPL is present. 

Semi-quantitative field data will include PID and OJLEL measurements. PID and O*/LEL 
measurements will be taken periodically to monitor the working environment. The PID will also 
be used to screen all soil samples collected. 

Quantitative field and mobile laboratory data will include the following: 

l Total VOC concentration profiles in 56 borings 

l Individual VOC concentrations from five select samples in 40 borings 

l Soil conductivity measurement profiles in 56 borings 

Total VOCs will be measured during MIP pushes using an electron capture detector ((ECD). 
Selected samples from confirmatory borings will be analyzed for individual VOCs via field 
GUMS. The number of samples selected will be based on observed conditions, but is expected 
that no more than 5 samples will be selected from each boring. 
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Quantitative fixed-base laboratory data will include various soil analyses. All samples will be 
analyzed on a routine, 21-day turnaround time. Fixed-base laboratory analytical requi:rements 
will be as follows: 

l 15 subsurface soil samples analyzed for Target Compound List (TCL) volatile organic 
compounds (VOCs). 

l 10 subsurface soil samples will be collected for synthetic precipitation leaching procedure 
(SPLP) 

l 3 subsurface soil samples will be collected for laboratory analysis of permeability 

l 3 subsurface soil samples will be collected for grain size distribution analysis and soil 
classification 

l 5 subsurface soil samples will be analyzed for total organic carbon (TOC) 

The requirements are also summarized on Table 4-l. Section 7.0 of the FSAP and Section 8.0 of 
the QAPP discuss the analytical methods to be used. 

4.3 Groundwater Investifation 

A groundwater investigation will be conducted in the vicinity of the former vehicle maintenance 
and storage area source zone. The purpose of the groundwater investigation is to further delineate 
the extent of contamination within, and downgradient of the source zone. This task will be 
accomplished through the installation and sampling of additional monitoring wells. The 
subsections that follow provide a description of the proposed groundwater investigation. 

4.3.1 Well Construction and Locations 

Two permanent well clusters will be installed (Figure 4-l) in the surficial and upper Castle Hayne 
aquifers to verify the extent of groundwater contamination. Each of the clusters will include one 
shallow and one intermediate monitoring well (both Type II wells). 

The shallow permanent monitoring wells will be installed to a depth of approximately 15 feet. 
These wells will be constructed of 2-inch inside diameter (ID) stainless steel pipe, with 10 feet of 
O.Ol-inch slot well screen. The permanent intermediate monitoring wells will be installed to a 
depth of approximately 40 feet. These wells will be constructed of 2-inch inside diameter (ID) 
stainless steel pipe, with 5 feet of O.Ol-inch slot well screen. Section 6.2 presents specific details 
on procedures for permanent monitoring well installation. 

4.3.2 Sampling and Analytical Requirements 

One groundwater sample will be collected from each of the new monitoring wells (89-MW16, 
89-MW16IW, 89-MW17, 89-MW17IW), as well as from existing wells 89-MWOS, 89-MW09, 
89-MW09IW, 89-MWlO, 89-MW11, 89-MWl IIW, and MW12 (Table 4-l). Upon completion 
of the permanent monitoring well installation, one round of groundwater sampling will be 
conducted. Samples will be collected using low flow purging and sampling metholdology. 
Section 6.4 presents specific details on procedures for groundwater sampling. Groulndwater 
measurements will be taken to confirm groundwater flow direction and tidal influence. 
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All groundwater samples from the monitoring wells will be analyzed by a fixed-base laboratory 
for TCL VOCs. Two samples (from wells 89-MW 16 and 89-MW 17) will be analyzed for diesel 
range (DRO) and gasoline range (GRO) total petroleum hydrocarbons (TPH). Routine, 21-day 
analytical turnaround time will be requested for all groundwater samples. Groundwater field 
measurements, including pH, conductivity, dissolved oxygen, reduction/oxidation potential, 
turbidity, and temperature (Level I quality), also will be collected. Depth-to-groundwater 
measurements will be taken from the wells and Edwards Creek to confirm groundwater flow 
direction and tidal influence. 

4.3.3 Aquifer Properties Testing 

In situ slug tests will be performed on select monitoring wells. Slug tests will be performed after 
groundwater sampling has been conducted. The procedure for slug test performance is sound in 
Section 6.7. 

4.4 Surface Water/Sediment Investigation 

Surface water samples will be collected to assess current conditions in Edwards Creek and 
evaluate historical trends in contaminant concentrations. The subsections that follow provide a 
description of the proposed investigation. 

4.4.1 Sampling Locations 

One surface water sample and one sediment sample will be collected from Edwards Creek; at five 
station locations as shown on Figure 4-1. These station locations are consistent with previous 
sampling locations, and will keep the same sample location identification. Sections 6.5 and 6.6 
present specific details on procedures for surface water and sediment sampling, respectively. 

4.4.2 Analytical Requirements 

Five surface water and five sediment samples (Table 4-l) will be analyzed by a f&d-base 
laboratory for TCL VOCs. Samples will be analyzed on a routine, 21-day turnaround time. 

4.5 Oualitv Assurancehhalitv Control Samples 

QA/QC requirements for this investigation are presented in the QAPP. The following QA/QC 
samples will be collected during field sampling activities: 

Trip Blanks 

Trip blanks are defined as samples which originate from the analyte-free water taken 
from the laboratory to the sampling site, kept with the investigative samples throughout 
the sampling event, and returned to the laboratory with the volatile organic analysis 
(VOA) samples. The blanks will only be analyzed for TCL VOCs. The purpose of a trip 
blank is to determine if samples were contaminated during storage and transportation 
back to the laboratory. One trip blank will accompany each cooler containing samples 
for VOA. 
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Equipment Rinsates 

Equipment rinsates are defined as samples that are obtained by running organic-free 
water over/through decontaminated sample collection equipment. One equipment rinsate 
sample will be collected for each media. Virgin equipment will be used for collection of 
soil samples (EncoreTM Samplers) and groundwater samples (polyethylene tubing). One 
rinsate sample for each sampling device is sufficiently representative of the entire lot. 
The results from the rinsates will be used to evaluate the decontamination methods. This 
comparison is made during data validation and the rinsates are analyzed for the same 
parameters as the related samples. 

Field Blanks 

Field blanks consist of the source water used in decontamination. Field blanks will be 
collected by pouring organic-free water from the container directly into sample bottles. 
Field blanks will not be collected in dusty environments and/or from areas where volatile 
organic contamination is present in the atmosphere and originating from a source other 
than the source being sampled. One field blank will be prepared at the commencement of 
the project. 

Field Duplicates 

Field duplicates for soil samples will be collected by selecting segments of soil from the 
length of the core and placed in the EncoreTM Samplers. Groundwater duplicate samples 
will be collected simultaneously. The water samples will not be cornposited. Field 
duplicates will be collected at a frequency of 10 percent. 

Matrix Spike/Matrix Spike Duplicates 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) samples will be collected to evaluate 
the matrix effect of the sample upon the analytical methodology. A matrix spike and 
matrix spike duplicate must be performed for each group of samples of a similar matrix. 
MS/MSD samples will be collected at a frequency of 5 percent. 

4.4 Investbation Derived Waste (IDW) Handling 

Soil cuttings will be collected and contained in a roll-off box. One rigid storage tank with a 
capacity of 1,000 gallons will be stationed on site for containing groundwater development and 
purge water. A composite soil sample from the roll-off box will be collected and analyzed for 
fuE1 Toxicity Characteristic Leaching Procedure (TCLP) organic and inorganic compounds and 
Resource Conservation and Recovery Act (RCRA) hazardous waste characterization (corrosivity, 
reactivity, and ignitability). One sample will be collected from the tank and analyzed for full 
TCL organics, Target Analyte List (TAL) metals, as well as total dissolved solids (TDS) and total 
suspended solids (TSS). Although significant concentrations of inorganic compounds are not 
expected, analysis for inorganic compounds is typically requested by waste disposal facilities, 
including on-base groundwater treatment plants. Additional details regarding IDW handling and 
disposal are provided in Section 6.10. 

Based on previous investigation information, it is expected that IDW will not exhibit hazardous 
characteristics associated with metals, corrosivity, reactivity, or ignitability. 
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5.0 SAMPLE DESIGNATION 

In order to identify and accurately track the various samples, all samples collected during this 
investigation, including QA/QC samples, wiil be designated with a unique number. The number 
will serve to identify the investigation, the site, the sample media, sampling location, the depth 
(soil) or round (groundwater) of sample, and QA/QC qualifiers. 

The sample designation format is as follows: 

Site&Media/Station# or QA/QC-Depth/Round 

An explanation of each of these identifiers is given below. 

Site# This investigation includes Site 89. This will include either the: prefix 
“IR” meaning Installation Restoration Program, or “LIST” meaning 
Underground Storage Tank Program. 

Media MW = Monitoring Well Boring 
GW = Groundwater 
IS = In-Situ Sampled Soil Boring 

Station# Each soil test boring or monitoring well will be identified with a unique 
identification number. 

QA/QC FB = Field Blank 
D = Duplicate Sample (following depth/round) 
TB = Trip Blank 
ER = Equipment Rinsate 
MS/MSD = Matrix Spike/Matrix Spike Duplicate 

Depth/Round Depth indicators will be used for soil samples. 

The number will reference the depth interval of the sample. For example: 

03 = 5 to 7 feet below ground surface 
04 = 7 to 9 feet below ground surface 
05 = 9 to 1 1 feet below ground surface, etc. 

Round indicator will be used for groundwater samples. For example: 

OOA = sampling conducted in the first quarter of 2000 
OOB = sampling conducted in the second quarter of 2000 
OOC = sampling conducted in the third quarter of 2000 
OOD = sampling conducted in the forth quarter of 2000 

Under this sample designation format, the sample number IR89-GW05IWD-01 refers to: 

IR89-GW05IWD-99C Site 89 
IR89-m05IWD-99C Groundwater sample 
IR89-GWBIWD-99C Monitoring well #5 
IR89-GW05m-99C Intermediate monitoring well 
IR89-GW05IWD-B Sample Collected in the third quarter of 1999 
IR89-GW05IWD-99C Duplicate (QA/QC) sample 
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The sample designation IR89ISO l -08D refers to: 

IR89-ISOl-08D Site 89 
IR89-BOl-08D In-Situ Sampled Soil Boring 
IR89-ISO-08D Boring # 1 
IR89-IS0 1 -@D Sample depth interval 15 to 17 feet bgs 
IR89-IS0 1-08IJ Duplicate (QA/QC) sample 

The sample designation IR89-ERSB-0 1 refers to: 

IR-&&ERSB-0 1 Site 89 
IR89-EJSB-0 1 Equipment Rinsate 
IR89-ERS&0 1 Rinate taken from soil sampling equipment 
IR89-ERSB-&l Equipment Rinsate Sample # 1 

This sample designation format will be followed throughout the project. Required deviations to 
this format in response to field conditions will be documented. 
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6.0 INVESTIGATIVE PROCEDURES 

The investigative procedures to be used for Site 89 are discussed in the subsections that follow. 
These procedures include soil sample collection, permanent monitoring well installation, well 
development, groundwater sample collection, in-situ slug tests, decontamination procedures, and 
handling of site investigation derived wastes. All of these procedures will comply with the field 
methods described in the USEPA, Region IV, Environmental Services Division (ESD), 
Environmental Compliance Branch Standard Operating Procedures and Oualitv Assurance 
Manual (ECBSOPQAM), May 1996 (updated in 1997). Additional guidance from other sources 
such as American Society for Testing and Materials (ASTM) may be used, but if the ASTM and 
ESD methods conflict, the ESD procedure will be used. Additionally, in instances whhere the 
ESD has no SOP, other guidance sources will be used, such as manufacturer’s SOP manuals. 
Field deviations will be recorded in the field logbook and discussed with the project manager. 

6.1 Soil Sample Collection 

Subsurface soil samples from MIP confirmatory borings will be collected by a Geoplrobe or 
Stratoprobe rig. Subsurface soil samples from well borings and other stratigraphy confirmation 
borings will be advanced by a truck-mounted drill. All boring locations will be screened for the 
presence of utilities. Appendix A contains Baker Environmental, Inc. (Baker’s) SOP for soil 
sample acquisition. 

Soil samples will be collected using either a Geoprobe Macro Core Sampler (MIP confirmation) 
or a split-spoon sampler (well installation). A Geoprobe Macro Core Sampler is a steel tube, with 
a drive shoe on one end. This device can be driven into unconsolidated material using a 
percussion hammer. The Sampler is l-1/2 inches in outside diameter (OD) and is available in 
three common lengths (2-feet, 3-feet, and 4-feet). The Sampler contains an acetate liner in which 
soil samples are collected. A split-spoon sampler is a steel tube, split in half lengthwise, with the 
halves held together by threaded collars at either end of the tube. This device can be driven into 
unconsolidated material using a drive weight connected to the drilling rig. A split-spoon sampler 
(used for performing Standard Penetration Tests) is 2 inches in OD and l-3/8 inches in inside 
diameter (ID). This standard spoon is available in two common lengths providing either %O-inch 
or 26-inch internal longitudinal clearance for obtaining 18-inch or 24-inch long samples, 
respectively. Split-spoons capable of obtaining 24-inch long samples will be utilized duriing this 
investigation. 

Samples will generally be collected continuously. The exceptions include: 

l In TCRA-treated, backfilled soils 
l In soils less than 5-feet deep where previous investigations generated sufficient 

information 
l Shallow permanent well borings. Since intermediate well boring will be sampled, it 

will not be necessary to sample the adjacent shallow well boring. 

The site geologist will describe the physical characteristics of the samples. The soil ,will be 
classified according to the Modified Bermeister Classification System. Soil sample descriptions 
will be recorded in the field geologist’s logbook. 

Selected samples from the confirmatory borings will be collected for on-site analysis. Fi.ve soil 
samples will be collected from each boring by methods described in Sections 6.1.1 and 6.1..2. 
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6.1.1 Split-Spoon Sample Collection and Field Screening Procedures 

The following procedure will be used for collecting split-spoon soil samples: 

1. The borehole will be advanced to the desired depth using hollow-stem auger drilling 
techniques. The split-spoon will be lowered into the borehole inside the boring or 
hollow-stem auger. 

2. The subsurface soil samples will be collected by driving the split-spoon with blows from 
a 140-pound hammer falling 30-inches in accordance with SOP F102 Soil and Rock 
Sample Acquisition (Appendix A). The sampler will be driven 24-inches. Once at the 
desired depth, the split-spoon will be pulled from the borehole. 

3. The number of blows required to effect each six inches of penetration or fraction thereof 
will be recorded in the field logbook. The first six inches is considered to be a seating 
drive. The sum of the number of blows required for the second and third six inches of 
penetration is termed the penetration resistance, “N”. If the sampler is driven less than 
18-inches, the penetration resistance is the number for the last one-foot of penetration. (If 
less than one foot is penetrated, the logs will state the number of blows and the fraction of 
one foot penetrated.) In cases where samples are driven 2binches, the sum of second 
and third 6-inch increments will be used to calculate the penetration resistance. (Refusal 
of the split-spoon will be noted at 50 blows over an interval equal to or less than 
6-inches; the interval driven will be noted with the blow count.) 

4. The sampler will be brought to the surface and both ends and one half of the split-spoon 
removed such that the soil recovered rests in the remaining half of the barrel. Organic 
vapors emanating from the soil sample will be immediately screened using a photo 
ionization detector (PID). The maximum PID measurement for each sample will be 
recorded. The recovery (length), composition, structure, consistency, color, condition, 
etc., of the recovered soil will be described; then put into sample jars (see Section 6.1.3 
for procedures concerning submitting soil samples to the laboratory). 

5. Split-spoon samplers will be decontaminated after each use and prior to the initial use at a 
site according to the procedures outlined in Section 6.6. 

6. This operation will be repeated until the borehole has been advanced to the selected 
depth. Split-spoon samples will be collected continuously until groundwater is 
encountered. 

7. After samples for laboratory analysis have been collected according to Section 16.1.2, a 
portion of remaining soil will be collected to screen for the presence of DNAPI,. Soil 
will be exposed to Sudan IV dye according to procedures detailed in Appendix A. 

6.1.2 Macro Core Sample Collection and Field Screening Procedures 

The following procedure will be used for collecting Macro Core soil samples: 

1. The borehole will be advanced to the desired depth by driving the Macro Core Sampler. 
The Macro Core Sampler contains a piston with a drive tip that is initially held in place 
inside the Sampler. This piston prevents soil from entering the Sampler. 
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2. Once at the desired depth, the piston is released from the Sampler by inserting a release 
key (attached to small-diameter rods) into the hollow drive rods. The Sampler is then 
driven further to collect a soil sample. As the Sampler is driven, the piston is pushed up 
into the Sampler by the entering soil. 

3. The sampler will be brought to the surface, the drive shoe removed, and the aceta.te liner 
pulled from the Sampler. The liner will then be split open by using a decontaminated 
knife. Organic vapors emanating from the soil sample will be immediately screened 
using a PID. The maximum PID measurement for each sample will be recorded. The 
recovery (length), composition, structure, consistency, color, condition, etc., of the 
recovered soil will be described; then put into sample jars (see Section 6.1.3 for 
procedures concerning submitting soil samples for analysis). 

4. The sampler barrel and drive shoe will be decontaminated after each use and prior to the 
initial use at a site according to the procedures outlined in Section 6.6. 

6. This operation will be repeated until the borehole has been advanced to the selected 
depth. Samples will be collected continuously, with the exceptions noted in Section 6.1. 

7. After samples for laboratory analysis have been collected according to Section 6.1.3, a 
portion of remaining soil will be collected to screen for the presence of DNAPL. Soil 
will be exposed to Sudan IV dye according to procedures detailed in Appendix A. 

6.1.3 Soil Sample Laboratory Submission Procedures 

The following procedure will be used for submitting soil samples to the laboratory: 

1. Soil for volatile organic analysis will be collected after PID screening, as necessary. 
Discrete samples will be collected from soil exhibiting the highest PID reading in that 
sample. For on-site analysis, soil will be collected using a decontaminated stainless steel 
spoon and placed directly into jars provided by the mobile laborato yti Samples split for 
fixed-base laboratory analysis will be collected using the Encore Sampler. Three 
samplers will be required for each sam le; one for high-range analysis, one for low-range 
analysis, and one spare. The Encore $4 Sampler is a small corer, approximately l-inch 
long by %-inch in diameter. Each individual Sampler is removed from a sealed foil bag 
and connected to a T-handle. The T-handle is then used to push the Sampler into the soil 
by hand. For loose sands, several pushes may be needed to completely fill the 5-gram 
Sampler. A cap is then placed over the open end of the Sampler and locked into position. 
The label is then affixed to the Sampler and placed into a labeled foil bag. All three 
Samplers for each sample will be placed into one foil bag to save cooler space and 
minimize sample labeling and handling. 

2. Soil will next be collected from the sampler for SPLP analysis, as necessary. Soil will be 
taken from the sampler using a decontaminated stainless steel spoon and placed (directly 
into the appropriate sample container. 

3. The remaining soil sample will be placed in a virgin aluminum pie pan, homogenized, 
and placed in a sample container for TOC analysis, as necessary. 

4. All pertinent sampling information will be recorded; such as soil description, sample 
depth, sample number and location, and the time of sample collection in addition to the 
above mentioned items. Additionally, the EncoreTM Samplers will be labeled as outlined 
in Section 7.0. 
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5. 

6. 

The EncoreTM Samplers will be stored in a cooler with ice until laboratory shipment. 

The samples will be packed for shipping. COC seals will be attached to the shipping 
package. COG/Sample Request Forms will be properly filled out and enclosed or 
attached (Section 7.0). 

7. The split-spoon sampler will be decontaminated as described in Section 6.6. Disposable 
latex gloves will be replaced between sample stations to prevent cross-contamination of 
the samples. 

Soil samples for grain size and permeability analysis will be collected by Shelby tube Methods as 
detailed in Appendix A, Attachment B. 

6.2 Permanent Monitoring Well Installation 

During this field investigation, shallow and intermediate monitoring wells will be installed. The 
subsections that follow contain monitoring well installation procedures. 

6.2.1 Shallow Monitoring Well 

Shallow monitoring wells will be installed to monitor the shallow water-bearing zone (water 
table). It is estimated that these monitoring wells will be installed to a depth of approximately 15 
feet bgs. The procedure for the installation and construction of shallow monitoring wells is 
presented below (also see Figure 6-l): 

Activity personnel will approve all shallow monitoring well locations. The presence of 
underground utilities in and around these locations will be determined. 

A borehole will be advanced by a drill rig using 6-l/4-inch inside diameter (ID) hollow-stem 
augers (HSAs) to depth. 

Upon completion of the borehole to the desired depth, shallow monitoring well construction 
materials will be installed (inside the hollow-stem augers). 

Stainless steel screen and casing will be used for shallow monitoring well construction. This 
is due to expected exposure to high concentrations of dissolved contaminants, potential 
exposure to DNAPL, and the potential use of heat-based remediation technologies. 

10 feet of 2-inch ID, Schedule 40, #10 slot (0.0 10 inch) stainless steel screen with a bottom 
cap will be installed. The screen will be connected to threaded, flush-joint, stainless steel 
riser. The casing will be installed to be slightly below the ground surface. A stainless steel 
riser slip-cap, vented to the atmosphere, will be placed at the top of the casing. The top of the 
well screen will be placed such that two feet of the screen (as subsurface conditions permit) 
extends above the water table to allow for seasonal groundwater fluctuations. 

The annular space around the screen will be backfilled with a well-graded medium to course 
sand (No. 1 or No. 2 Silica Sand) as the hollow-stem augers are being withdrawn fi-om the 
borehole. Sand will be placed from the bottom of the boring to approximately two fee:t above 
the top of the screened interval. A lesser distance above the top of the screened interval may 
be packed with sand if the monitoring well is very shallow to allow for placement of sealing 
material. 
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l A sodium bentonite seal at least 24-inches thick will be placed above the sand pack., unless 
shallow groundwater conditions are encountered. The bentonite will be hydrated with 
potable water, as necessary, before further completion of the shallow monitoring well. 

l The annular space above the bentonite seal will be backfilled with a cement-bentonite grout 
consisting of three to four percent bentonite powder (by dry weight) and seven gallons of 
potable water per 94-pound bag of Portland cement. 

l The depth intervals of all backfilled materials will be measured with a weighted measuring 
tape to the nearest 0.1 foot and recorded in the field logbook. 

l The shallow monitoring wells will be completed at the ground surface or “flush-mounted”. 
The shallow monitoring well will be completed at the surface using a “flush” access vault. If 
the monitoring well is installed through a paved surface, concrete surface, or high trafl’ic area, 
the annular space will be grouted to a depth of at least 2.5-feet and the monitoring well will 
be finished with a concrete collar. The concrete will be crowned to meet the finished grade of 
the surrounding pavement, as required. If appropriate, the vault around the buried wellhead 
will have a water drain to the surrounding soil and a watertight cover. 

l All monitoring wells will have a locking cap connected to the protective casing. Each 
monitoring well will be tagged which will contain general monitoring well construction 
information and marked as “Test Well - Not For Consumptive Use”. 

l Figure 6-l depicts a typical Type II flush mounted monitoring well construction diagram. 

6.2.2 Intermediate Monitoring Well 

Procedures for the installation and construction of Type II intermediate monitoring w~ells are 
presented below: 

l Activity personnel will approve all intermediate monitoring well locations. The presence of 
underground utilities in and around these locations will be determined. 

l A borehole will be advanced by a drilling rig using 3-l/4 inch ID hollow-stem augers. 2-foot 
split-spoon samples will be collected while the borehole is advanced. Samples will be 
collected according to the procedures outlined in Section 6.1. The boring will be completed 
when the semi-confining unit has been encountered (typically 40 feet bgs in the former 
DRMO area). 

l Upon completion of the borehole to the desired depth, 6-l/4 inch ID HSAs will be used to 
ream the borehole to a sufficient diameter to accommodate a 2” well and annulus materials. 
The intermediate monitoring well construction materials will be installed inside the lhollow- 
stem augers. 

l Stainless steel screen and casing will be used for intermediate monitoring well constiruction. 
This is due to the potential use of heat-based remediation technologies. 
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5 feet of 2-inch ID, Schedule 40, #lO slot (0.010 inch) stainless steel screen with a bottom 
cap will be installed. The screen will be connected to threaded, flush-joint, stainle:ss steel 
riser. The riser will be installed slightly below the ground surface. A stainless steel slip-cap, 
vented to the atmosphere, will be placed at the top of the riser. 

The annular space around the screen will be backfilled with a well-graded medium to course 
sand (No. 1 or No. 2 Silica Sand) as the hollow-stem augers are being withdrawn from the 
borehole. Sand will be placed from the bottom of the boring to approximately two feet above 
the top of the screened interval. 

A sodium bentonite seal at least 24-inches thick will be placed above the sand pack. The 
bentonite will be allowed to hydrate before further completion of the intermediate monitoring 
well. 

The annular space above the bentonite seal will be backfilled with a cement-bentonite grout 
consisting of three to four percent bentonite powder (by dry weight) and seven gallons of 
potable water per 94-pound bag of Portland cement. The bentonite seal will be installed 
using a tremie pipe. 

The depth intervals of all backfilled materials will be measured with a weighted me.asuring 
tape to the nearest 0.1 foot and recorded in the field logbook. 

The intermediate monitoring wells will be completed at the ground surface or 
“flush-mounted”. The intermediate monitoring well will be completed at the surface using a 
“flush” access vault. If the monitoring well is installed through a paved surface, c,oncrete 
surface, or high traffic area, the annular space will be grouted to a depth of at least 2.5-feet 
and the monitoring well will be finished with a concrete collar. The concrete will be arowned 
to meet the finished grade of the surrounding pavement, as required. If appropriate, the vault 
around the buried wellhead will have a water drain to the surrounding soil and a watertight 
cover. 

All monitoring wells will have a locking cap connected to the protective casing. Each 
monitoring well will be tagged which will contain general monitoring well construction 
information and marked as “Test Well - Not For Consumptive Use.” 

Figure 6-1 depicts a typical Type II intermediate flush mount monitoring well construction 
diagram. 

6.3 Well Development 

All permanent monitoring wells which are to be sampled will be developed as specified1 in the 
ECBSOPQAM. The purpose of monitoring well development is: 

l To stabilize and increase the permeability of the filter pack around the well screen 

l To restore the permeability of the formation which may have been reduced by the (drilling 
operations 

l To remove fine-grained materials that may have entered the monitoring well or filter pack 
during installation. 
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The selection of the monitoring well development method typically is based on drilling mlethods, 
monitoring well construction and installation details, and the characteristics of the formation. 
Well development will not be initiated until a minimum of 48 hours has elapsed subsequent to 
monitoring well completion. This time period will allow the cement grout to set. The monitoring 
wells will be developed using a Wattera pump in combination with surging. All monitoriqg wells 
will be developed until well water runs clear of fine-grained materials. Note that the water in 
some monitoring wells does not clear with continued development. Typical limits placed on 
monitoring well development may include any one of the following: 

. Clarity of water based on visual determination 

l A maximum time period (typically one to two hours) 

l Stability of pH, specific conductance, and temperature measurements (typically less than 10 
percent variation between three successive measurements from different well volumes) 

l Clarity based on turbidity measurements (typically less than 10 Nephelometric Turbidity 
Units [NTU]) 

A record of the monitoring well development will be completed to document the development 
process. Section 6.7 provides information on the use of monitoring and data collection equipment 
for water level measurements, pH, specific conductance, and temperature. 

6.4 Groundwater Sample Collection 

Permanent monitoring wells will be sampled via reduced flow rate methods. A peristaltic: pump 
will be used to purge the monitoring wells and collect the samples. VOC loss through suction 
degassing is expected to be insignificant due to the very slow flow rates to be used. Baker 
personnel report observance of no to minimal bubbling in the groundwater stream during 
peristaltic pump use at ECBSOPQAM recommended flow rates. The procedure for collecting 
groundwater samples is detailed in this section, and is based on ECBSOPQAM procedures. 

6.4.1 Selection of Water Quality Indicator Parameters 

ECBSOPQAM SOPS call for the use of turbidity, pH, temperature, and specific conductance as 
water quality indicator parameters (WQPs) for stabilization. This investigation will include those 
WQPs plus dissolved oxygen. Use of dissolved oxygen has precedence in USEPA and other 
studies, Dissolved oxygen and turbidity are more sensitive indicators of “fresh” groundwat’er than 
pH, specific conductance, and temperature (Puls and Powell, 1992). Barcelona et. al., 1994, 
suggest that dissolved oxygen and specific conductance are good indicators of stabilization with 
respect to VOA sampling. 

6.4.2 Purge Requirements 

Consistent with ECBSOPQAM SOPS, a minimum of three well volumes will be purged. 

6.4.3 Purging and Sampling Procedure 

The following is a reduced flow rate purge and sampling procedure that will be used at Site 89: 
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I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The protective casing (for existing monitoring wells) will be unlocked, the well cap will 
be removed, and escaping gases will measured at the well head using a PID. This will 
determine the need for respiratory protection. 

The monitoring well will be allowed to equilibrate to atmospheric pressure in the event 
that a vent hole was not installed in the monitoring well. 

The static water level will be measured. The total depth of the monitoring well will not 
be measured, as not to stir up any sediment. The total depth will be obtained from soil 
boring logs. The water volume in the monitoring well will then be calculated. 

The sampling device intake (virgin, l/4-inch ID polyethylene tubing) will be slowly 
lowered until the bottom end is 2 to 3 feet below the top of water level. Next, the water 
level probe will be placed into the monitoring well just above the water. 

Purging will then begin with a peristaltic pump, if possible. The discharge rate will be 
measured using a stopwatch and calibrated container. Flow rates of less than I liter per 
minute (L/min) are expected at wells in the surficial aquifer, and I to 2 L/min at ,wells in 
the upper portion of the Castle Hayne aquifer. 

The WQPs, including turbidity, pH, and specific conductance will be measured 
frequently (e.g., every 2 minutes). Temperature and oxidation-reduction potential (Eh) 
also will be measured. 

Purging will be complete when a minimum of three well volumes have been removed and 
three successive WQP readings have stabilized within IO percent (0.1 Standard Units for 
pH), or there is no further discernable upward or downward trend. It is Baker’s 
experience that at low values, certain WQPs (such as turbidity) may vary by more than IO 
percent, but have reached a stable plateau. 

Upon WQP stabilization, groundwater samples will be collected from the end of the 
tubing into the sample container. 

The following information will be recorded in the field logbook: 

Project location, date, and time 
Weather 
Sample location, number, round, and identification number 
Static water level 
Calculation of amount of water to be purged 
WQPs during purging 
Visual description of water (i.e., clear, cloudy, muddy, etc.) 
Names of sampling personnel 
Names of visitors on site 
Purging and sampling technique, procedure and equipment used 
Sampling remarks and observations 
QA/QC samples collected 

IO. The sample jars will be stored in a cooler with ice until laboratory shipment. 
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Il. The samples will be packed for shipping. COC seals will be attached to the shipping 
package. COG/Sample Request Forms will be properly filled out and enclosed of 
attached (Section 7.0). 

Sample preservation and handling procedures are outlined in Section 7.0. Appendix B presents a 
SOP for groundwater sampling. 

6.5 Surface Water Sample Collection 

Five surface water stations are to be sampled in Edwards Creek as part of this investigation (see 
Figure 4-l). Successful completion of this task will be dependent on the presence of water in the 
stream. Should water be present, the following procedure will be used to collect all surface water 
samples: 

I. One surface water sample will be collected from each station. Surface water samples will 
be collected from mid-channel point. Given the shallow depth of the water in the stream, 
samples will be collected just below the water surface. 

2. Surface water samples will be collected from downstream to upstream locations to 
prevent potential migration of contaminants to downstream stations before sampling has 
been conducted. 

3. Samples will be collected by dipping a transfer bottle into the water. The unpreserved, 
virgin transfer bottle will be used to fill preserved VOC vials. Care will be taken when 
collecting samples for VOCs to avoid excessive agitation that could result in the loss of 
volatile organics. Sample containers will be labeled prior to collection. 

4. Temperature, pH, specific conductance, and dissolved oxygen will be measured in the 
field at each sampling station immediately following sample collection. 

5. It will be ensured that the previous sampling station markings will be in place and Iegible. 

6. The following information will be recorded in the field logbook: 

Project location, date, and time 
Weather 
Sample location, number, and identification number 
Flow conditions (i.e., high, low, in flood, etc.) 
On site water quality measurements 
Visual description of water (i.e., clear, cloudy, muddy, etc.) 
Sketch of sampling location including boundaries of the water body, sample location 
(and depth), relative position with respect to the site, location of wood identifier stake 
Names of sampling personnel 
Names of visitors on site 
Sampling technique, procedure, and equipment used 
Sampling remarks and observations 
QA/QC samples collected 

An SOP for collection of surface water samples is included in Appendix C. 
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6.6 Sediment Sample Collection 

Sediment samples will be collected from the same stations as surface water samples (described in 
Section 6.5). The following procedure will be used to collect all sediment samples: 

I. Sediment samples will be collected after the surface water sample has been collected. 

2. Sediment samples will be collected from downstream to upstream locations to prevent 
potential migration of contaminants to downstream stations before sampling has been 
conducted. 

3. One sediment sample will be collected from each station, from 0- to 6-inches. Sediments 
will be removed from the streambed using a decontaminated core barrel sampler. Care 
will be taken to minimize sediment disturbance that could result in the loss of -volatile 
organics. 

4. Samples will be collected off the shovel with the EncoreTM Samplers. The EncoreTM 
Samplers will be used in the manner detailed in Section 6.1.2. 

5. The following information will be recorded in the field logbook: 

l Project location, date, and Weather 
l Sample location, number, and identification number 
l Flow conditions (i.e., high, low, in flood, etc.) 
0 On site water quality measurements 
0 Visual description of water (i.e., clear, cloudy, muddy, etc.) 
l Sketch of sampling location including boundaries of the water body, sample location 

(and depth), relative position with respect to the site, location of wood identifier stake 
l Names of sampling personnel 
l Sampling technique, procedure, and equipment used 

l The sample jars will be stored in a cooler with ice until laboratory shipment. 

l The samples will be packed for shipping. Chain-of-custody seals will be attached to 
the shipping package. Chain-of-Custody Forms and Sample Request Forms will be 
properly filled out and enclosed or attached (Section 7.0). 

An SOP for collection of surface water samples is included in Appendix C. 

6.7 In-Situ Slup Tests 

Slug tests will be performed as necessary in select newly installed and existing monitoring wells 
at Site 89. Both falling head and rising head tests will be performed in the intermediate wells. 
Only rising head tests will be performed in the shallow monitoring wells. An In Situ, Inc. Hermit 
3000 data logger will be used for these tests. The performance of slug tests will include the 
following procedure: 

I. The initial static groundwater level and depth of monitoring well will be measure:d. All 
measurements will be recorded in the field logbook. 
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2. The parameters for the test in the data logger will be set. The coefficients for the specific 
transducer being used will be entered. Entries will be double-checked. Note that the rate 
for recording readings should be set on the logarithmic scale. This will collect readings 
at the fastest rate at the start of the test when changes in the groundwater level <are the 
most rapid and significant in the analysis of the data. 

3. The data logger transducer will be set in the monitoring well, approximately one foot 
from the bottom of the monitoring well. 

4. The slug will be prepared by securing nylon cord to the top end and marking a point on 
the rope which will allow the slug to be completely submerged and will place the slug a 
minimum of one foot above the transducer. 

The following procedures are for rising head tests only (for shallow monitoring wells): 

5. 

6. 

7. 

8. 

The slug will be lowered into the monitoring well to the mark on the cord and 
groundwater equilibration will be allowed to occur. The water level can be monitored 
through the data logger. Also, the groundwater level measurement can be taken with a 
water level meter to verify the fall in water level towards static. Once the groundwater 
has reached the static level (or at least 90 percent of static), the rising head test may 
begin. 

Simultaneously, the slug will be removed and the start button will be pressed to begin the 
test. The water level can be monitored through the data logger or during th.e test, 
groundwater level measurements can be taken with a water level meter to verify the rise 
in water level to static. Once the groundwater has reached the initial static level (or at 
least 90 percent of static), the test can be terminated. 

The transducer and cable will be removed from the monitoring well and decontaminated 
with liquid Alconox soap and distilled water upon the completion of each monitoring 
well testing. 

The data will be downloaded from the data logger through a laptop computer onto a 
diskette at the end of the day and printed. A backup disk will also be made of the slug 
test data files. 

The following procedures are for falling head and rising head tests for intermediate monitoring 
wells: 

9. Simultaneously, the slug will be lowered into the monitoring well to the mark on the cord 
and the start button will be pressed to begin the test. The water level can be monitored 
through the data logger or during the test, groundwater level measurements can be taken 
with a water level meter to verify the fall in water level towards static. 

IO. Continue the test until groundwater is within 90 percent of the initial static water level. 
Set the data logger to begin a step (as per the instrument instructions). 
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Il. Immediately after beginning the step, remove the slug to begin the rising head test. The 
water level can be monitored through the data logger or during the test, groundwater level 
measurements can be taken with a water level meter to verify the rise in water level to 
static. Once the groundwater has reached the static level (or at least 90 percent of static), 
the test can be terminated. 

12. The transducer and cable will be removed from the monitoring well and decontaminated 
with liquid Alconox soap and distilled water upon the completion of each monitoring 
well testing. 

13. The data will be entered into a field logbook while each test is ongoing. The data will 
also be downloaded from the data logger through a laptop computer onto a diskette at the 
end of the day and printed. A backup disk will also be made of the slug test data fil,es. 

The data obtained from the in-situ slug tests will be used in conjunction with Geraghty & Miller’s 
Aquifer Test Solver (AQTESOLVB) program to calculate hydraulic conductivity values at the 
specific monitoring wells tested. Appendix D presents a SOP for conducting slug tests. 

6.8 Decontamination 

Equipment and materials that require decontamination fall into two broad categories: 

I. Field measurement, sampling, and monitoring equipment (e.g. water level meters, 
stainless-steel spoons, etc.) 

2. Machinery, equipment, and materials (e.g. drilling rigs, backhoes, drilling equipment, 
monitoring well materials, etc.) 

Appendices E and F detail procedures for decontaminating the two categories of equipment and 
materials, respectively. 

6.9 Monitoriw and Data Collection Equipment 

Field support activities and investigations will require the use of monitoring and data collection 
equipment. Turbidity, dissolved oxygen, specific conductance, temperature, pH, and Eh re,adings 
will be recorded during groundwater sample collection. Dissolved oxygen, specific conductance, 
temperature, and pH readings will be recorded during surface water sample collection. 
Appendix G, On-Site Water Quality Testing provides specific procedures for coll.ecting 
conductance, temperature, and pH readings. 

Additional monitoring well information may be obtained using water level meters, water-product 
level meters, and well depth meters. The operation and various uses of this data coll.ection 
equipment is provided in Appendix H. 

Health and safety monitoring and environmental media screening will be conducted using a PID 
and an oxygen/combustible gas meter (02/LEL). The operation and use of the PID is described in 
Appendix I. The Bacharach 02/LEL meter will also be used during the sampling program, 
primarily to monitor health and safety conditions. Appendix J provides a description of the 
Bacharach 02/LEL meter and operating procedures. 
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6.10 Investipation Derived Waste Handling 

The subsections that follow discuss the responsibilities, sources, containerization, sampling and 
analysis, and disposal of IDW. These wastes include soil from borings, groundwater from 
developing and purging of monitoring wells, decontamination fluids, and personal protection 
equipment. 

6.10.1 Responsibilities 

LANTDIV - Atlantic Division, Naval Facilities Engineering Command (LANTDIV) or the 
facility must ultimately be responsible for the final disposition of site wastes. As such, a 
LANTDIV or MCB Camp Lejeune representative will sign waste disposal manifests as the 
generator of the material in the event off-site disposal is required. However, it may be the 
responsibility of Baker, depending on the contingency discussions during execution of the 
investigation, to provide assistance to LANTDIV in arranging for final disposition and preparing 
manifests. 

Baker Proiect ManaPer - It is the responsibility of the Baker Project Manager to work with the 
LANTDIV-Technical Representative in determining the final disposition of site investigation 
wastes. The Baker Project Manager will relay the results and implications of the chemical 
analysis of the IDW, and advise on the regulatory requirements and prudent measures appropriate 
to the disposition of the material. The Baker Project Manager also is responsible for ensuring that 
field personnel involved in site investigation waste handling are familiar with the procedures to 
be implemented in the field, and that all required field documentation has been completed. 

Baker Field Team Leader - The Baker Field Team Leader or Site Manager is responsible for the 
on site supervision of the waste handling procedures during the site investigations. The Baker 
Field Team Leader also is responsible for ensuring that all other field personnel are familiar with 
these procedures. 

6.10.2 Sources of Investigation Derived Wastes 

Field investigation activities often result in the generation and handling of potentially 
contaminated materials that must be properly managed to protect the public and the environment, 
as well as to meet legal requirements. These wastes may be either hazardous or non-hazarldous in 
nature. The nature of the waste (i.e., hazardous or non-hazardous) will determine how the wastes 
will be handled during the field investigation. 

The sources of waste material depend on the site activities planned for the project. The following 
types of activities or sources may result in the generation of waste material that must be properly 
handled: 

Subsurface soil sampling and monitoring well construction (soil cuttings) 
Monitoring well development (development water) 
Groundwater sampling (purge water) 
Heavy equipment decontamination (decontamination fluids) 
Sampling equipment decontamination (decontamination fluids) 
Personal protection equipment (health and safety disposables) 
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6.10.3 Designation of Potentially Hazardous and Non-hazardous Investigation Derived 
Wastes 

Wastes generated during the field investigation can be categorized as either potentially hazardous 
or non-hazardous in nature. The designation of such wastes will determine how the wastes are 
handled. The criteria for determining the nature of the waste and the subsequent handling of the 
waste is described below for each type of anticipated investigative waste. 

6.10.3.1 Soil Cuttings 

Soil cuttings will be generated during the augering of soil and well borings. Soil cuttings will be 
containerized in a lined roll-off box for analytical testing, temporary storage on site, and 
subsequent treatment and/or disposal. 

6.10.3.2 Monitoring Well Development and Purge Water and Decontamination Fluids 

All development and purge water will be containerized in one 1 ,OOO-gallon tank. 
Equipment and personal decontamination fluids collected from decontamination/wash pads will 
also be containerized in the tank. 

6.10.3.3 Personal Protective Equipment 

All personal protective equipment (i.e., Tyvek Coveralls, gloves, and other health and safety 
disposables) will be placed in garbage bags and disposed of in trash dump boxes. 

6.10.4 Investigation Derived Waste Sampling and Analysis 

One composite sample will be collected from the roll-off box containing soil cuttings. This 
sample will be analyzed for full TCLP (organics and inorganic) and RCRA hazardous waste 
characterization (corrosivity, reactivity, and ignitability). 

One sample will be collected from the storage tank for full TCL organic and TAL total metal 
analyses, as well as TSS and TDS. Procedures for collecting wastewater samples are presented in 
Appendix K. 

6.10.5 Labeling 

The roll-off box and storage tank will be labeled by the field team during the site investigation. 
Information will be written on a plaque and affixed to the prominent side of the container. 
Container labels will include, at a minimum: 

LANTDIV Contract Task Order (CTO) (number) 
Camp Lejeune Point-of-Contact name and phone number 
Project name 
Contractor Name and Project Manager Name 
Drum number 
Date 
Source 
Contents 

If laboratory analysis reveals that containerized materials are hazardous, additional labelling of 
containers may be required. Baker will be responsible for additional labeling procedures, with 
assistance from the Activity and/or LANTDIV as needed. These additional labeling procedures 
will be based upon the identification of material present; USEPA regulations applicable to 
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labeling hazardous and polychlorinated biphenyl (PCB) containing wastes are contained in 40 
CFR Parts 26 1,262, and 76 1. 

6.10.6 Container Log 

A container log will be maintained in the site logbook. The container log will contain the same 
information as the container label plus any additional remarks or information. Such ad’ditional 
information may include the identification number of a representative laboratory sample.. MCB 
Camp Lejeune Installation Restoration, Environmental Management Department (EMD) will be 
informed of the status of all IDW storage containers on a regular basis. 

6.10.7 Container Storage 

Containers of site investigative wastes will be stored on site or in a specially designated secure 
area that is managed by the MCB Camp Lejeune EMD until disposition is determined. 

If the laboratory analysis reveals that the roll-off box contains hazardous IDW, additional storage 
security may be implemented. Baker will coordinate, with LANTDIV and/or the Activity, any 
additional measures that may need to be taken to insure that the containerized IDW is secure and 
meets applicable Federal regulations. 

Baker will assist LANTDIV in devising the storage requirements as required. ‘Weekly 
inspections by facility personnel of the temporary storage area also may be required. These 
inspections may assess the structural integrity of the containers and proper container labeling. 
Also, precipitation that may accumulate in the storage area may need to be removed. These 
weekly inspections and whatever precipitation removal is necessary will be recorded in the site 
logbook. 

6.10.8 Container Disposition 

The disposition of the containers of site investigation generated wastes will be determined by 
LANTDIV, with the assistance of Baker, as necessary. Container disposition will be based on 
quantity of materials, types of materials, and analytical results. If necessary, specific samples of 
contained materials may be collected to identify further characteristics that may affect 
disposition. Typically, container disposition will not be addressed until after receipt of applicable 
analytical results, which are usually not available until long after completion of the field 
investigation at the facility. 

6.10.9 Disposal of Contaminated Materials 

Actual disposal methods for IDW will be determined following receipt of chemical analyses. The 
usual course will be a contractor specialist retained to conduct the disposal. However, reg;ardless 
of the mechanism used, all applicable Federal, state, and local regulations will be observed. 
USEPA regulations applicable to generating, storing, and transporting hazardous wastes are 
contained in 40 CFR Parts 262,263. 

Another consideration in selecting the method of disposal of contaminated materials is whether 
the disposal can be incorporated into subsequent site cleanup activities. For example, if 
construction of a suitable on-site disposal or treatment structure is expected, contaminated 
materials generated during the site investigation may be stored at the site for treatment/disposal 
with other site materials. In this case, the initial containment will be evaluated for use as long- 
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term storage. Also, other site conditions, such as drainage control, security, and soil types must 
be considered in order to provide proper storage. 

At Site 89, any soil determined to be non-hazardous will be returned to the site. Soil determined 
to be hazardous will be taken to a Treatment Storage and Disposal Facility to (TSDF). All1 water 
will be taken to one of the on-base groundwater treatment plants designed handle solvent and 
petroleum contamination. 
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7.0 SAMPLE HANDLING AND ANALYSIS 

Field activities will be conducted in accordance with the USEPA Region IV ESD’s 
ECBSOPQAM (1996, with 1997 revisions). Procedures for sample preservation, labeling, 
handling, and maintaining a field logbook are detailed in SOPS. Because these procedures are not 
specific to this project, they are provided as appendices, rather than detailed herein. Major 
components of sample handling and analysis are discussed in the following subsections. 

The number of samples, analytical methods, data quality objectives, and laboratory turnaround 
times are presented in Table 7-1. 

7.1 Sample Preservation and Handling 

Sample preservation, sample bottle packing and shipping are important components to 
maintaining the integrity of the samples. Preservation and handling procedures to be used in this 
investigation are detailed in Appendix L and Section 6.1 of the QAPP. 

7.2 Chain-of-Custody 

COC is another important component to maintaining sample integrity. COC procedures to be 
followed during this investigation are detailed in Appendix M. This SOP details sample bottle 
labeling and chain-of-custody procedures. 

COC procedures ensure a documented, traceable link between measurement results and the 
sample or parameter they represent. These procedures are intended to provide a llegally 
acceptable record of sample collection, identification, preparation, storage, shipping, and analysis. 

7.3 Field Logbook 

Field logbooks will be used to record sampling activities and information. Entries will include 
general and specific sampling information so that site activities may be reconstructed. In addition 
to the logbook, field forms, such as boring and monitoring well development logs, will be 
completed as support documentation for the logbook. Appendix N describes a general format for 
the field logbook. 

Each field person will have and maintain a logbook. Logbooks will be copied daily and stored at 
the field trailer as backup in case the original is lost or destroyed. Additionally, copies of 
completed logbooks will be filed in the project files. 
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TABLE 7-1 

SUMMARY OF SAMPLING AND ANALYTICAL OBJECTIVES 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LE,JEUNE. NORTH CAROLINA 

Study 
Area 

Investigation 
Number of Samples 

(Not including QA/QC) 
Analysis Analytical Method 

Data Quality Laboratory 
Ob.jective Turnaround 

ite 89 Soil 
40 Direct-Push Borings (5 samples 
each for 200 total samples) 

Volatile Organics 
SW846 8260B (modified II 
for on-site analysis) 

NA 

20 Samples Volatile Organics CLP/SOW IV 21 Days 
5 Samples Total Organic Carbon EPA 415.1 III 21 Days 
10 Samples SPLP SW846 312 III 21 Days 
5 Samples Grain Size ASTM D-422 III 21 Days 
3 Samples Permeability ASTM D-5084 III 21 Days 

Groundwater 7 Shallow Monitoring Wells Volatile Organics CLPISOW IV 21 Days 
4 Intermediate Monitoring Wells Volatile Organics CLP/SOW IV 21 Days 

Surface Water 5 Locations Volatile Organics CLPISOW IV 21 Days 
Sediment 5 Locations Volatile Organics CLP/SOW IV 21 Days 

3W Soil Cuttings 1 Composite Sample TCLP VOA SW846 1311/8260B III 21 Days 
TCLP SVOA SW846 1311/827OC 
TCLP Metals SW846 1311/6010B/7470 
Ignitability SW846 1010/1030 
Corrosivity SW846 1110 
Reactive Cyanide 7.3.3.2/9010 
Reactive Sulfide 7.3.4.219030 

Purge/Develop. 1 Sample TCL VOCs S W846 8260B 111 21 Days 
Water TCL SVOCs SW846 8270C 

TAL Metals 6010B/7000 Series 
Ignitability SW846 1010/1030 
Corrosivity SW846 1110 
Reactive Cyanide 7.3.3.219010 
Reactive Sulfide 7.3.4.219030 
Total Suspendend Solids EPA Method 160.2 
Total Dissolved Solids EPA Method 160.1 

Notes: 
CLP 
sow 
TCLP 
TCL 
TAL 
VOA 
SVOA 
SPLP 
QAIQC 
IDW 
NA 

Contract Laboratory Program 
Statement of Work 
Toxicity Characteristic Leaching Procedure 
Target Compound List 
Target Analyte List 
Volatile Organic Analysis 
Semivolatile Organic Analysis 
Synthetic Precipitation Leaching Procedure 
Quality Assurance/Quality Control 
Investigation Derived Waste 
Not Applicable 



8.0 SITE MANAGEMENT 

This section outlines the responsibilities and reporting requirements of on-site personnel. 

8.1 Field Team Responsibilities 

The field investigation portion of this project will consist of one field team. A Site Manager will 
coordinate all field activities. The Site Manager will ensure that all field activities are conducted 
in accordance with the project plans (the Work Plan, this FSAP, the QAPP, and the HASP). 

The Field Team will employ one drilling rig for monitoring well installation and auger borings. 
The project geologist will supervise the drilling rig work. The Field Team will also employ one 
Geoprobe or Stratoprobe rig for the direct-push boring work. An assistant project geologist will 
supervise the direct-push work. One of the geologists will also serve as the Site Manager and Site 
Health and Safety Officer. 

8.2 Reportinp Requirements 

The Site Manager will report a summary of each day’s field activities to the Project Manager or 
his/her designee. This may be done by telephone or fax. The Site Manager will include, at a 
minimum, the following in his/her daily report: 

Baker personnel on site 
Other personnel on site 
Major activities of the day 
Subcontractor quantities (e.g., drilling footages) 
Samples collected 
Problems encountered 
Planned activities 

The Site Manager will receive direction from the Project Manager regarding changes in scope of 
the investigation. All changes in scope will be discussed and agreed upon by LANTDIV, Camp 
Lejeune EMD, USEPA Region IV, and the North Carolina Department of Environment and 
Natural Resources (DENR). 
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SOIL AND ROCK SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this procedure is to describe the handling of rock cores and subsurface soil samples collected 
during drilling operations. Surface soil sampling also is described. 

2.0 SCOPE 

The methods described in this SOP are applicable for the recovery of subsurface soil and rock samples 
acquired by coring operations or soil sampling techniques such as split-barrel sampling and thin-walled tube 
sampling. Procedures for the collection of surface soil samples also are discussed. This SOP does not 
discuss drilling techniques or well installation procedures. ASTM procedures for “Penetration Test and 
Split-Barrel Sampling of Soils, ” “Thin-Walled Tube Sampling of Soils,“and “Diamond Core Drilling for Site 
Investigation” have been included as Attachments A through C, respectively. 

3.0 DEFINITIONS 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called Shelby tube) used to recover relatively 
undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outer 
diameter (O.D.) and 18 to 54 inches length. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded! collars 
at either end of the tube. Also called a split-spoon sampler, this device can be driven into unconsolidated 
materials using a drive weight mounted on the drilling string. A standard split-spoon sampler (used for 
performing Standard Penetration Tests) is two inches O.D. and I-3/S-inches inner diameter (I.D.). This 
standard spoon is available in two common lengths providing either 20-inch or 26-inch internal longitudinal 
clearance for obtaining 18-inch or 24-inch long samples, respectively. 

Grab Sample - An individual sample collected from a single location at a specific time or period of time 
generally not exceeding 15 minutes. Grab samples are associated with surface water, groundwater, 
wastewater, waste, contaminated surfaces, soil, and sediment sampling. Grab samples are typically used to 
characterize the media at a particular instant in time. 

Composite Samples - A sample collected over time that typically consists of a series of discrete samples 
which are combined or “composited.” Two types of composite samples are listed below: 

0 Areal Composite: A sample collected from individual grab samples collected on an area1 
or cross-sectional basis. Area1 composites shall be made up of equal volumes of grab 
samples. Each grab sample shall be collected in an identical manner. Examples include 
sediment composites from quarter-point sampling of streams and soil samples from grid 
points. 
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0 Vertical Composite: A sample collected from individual grab samples collected from a 
vertical cross section. Vertical composites shall be made up of equal volumes of grab 
samples. Each grab sample shall be collected in an identical manner. Examples include 
vertical profiles of soil/sediment columns, lakes and estuaries. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that, where applicable, project-specific 
plans are in accordance with these procedures, or that other approved procedures are developed. 
Furthermore, the Project Manager is responsible for development of documentation of procedures, which 
deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific sampling 
techniques and equipment to be used, and documenting these in accordance with the Sampling and Analysis 
Plan. It is the responsibility of the Field Team Leader to ensure that these procedures are implemented in 
the field and to ensure that personnel performing sampling activities have been briefed and trained to execute 
these procedures. 

Drilling Inspector - It is the responsibility of the drilling inspector to follow these procedures, or to follow 
documented, project-specific procedures as directed by the Field Team Leader and/or the Project Manager. 
The Drilling Inspector is responsible for the proper acquisition of rock cores and subsurface soil samples. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these procedures, or 
to follow documented, project-specific procedures as directed by the Field Team Leader and/or the Project 
Manager. The sampling personnel are responsible for the proper acquisition of samples. 

5.0 PROCEDURES 

Subsurface soil and rock samples are used to characterize the three-dimensional subsurface strati,graphy. 
This characterization can indicate the potential for migration ofcontaminants from various sites. In addition, 
definition of the actual migration of contaminants can be obtained through chemical analysis of subsurface 
soil samples. Where the remedial activities may include in-situ treatment, or the excavation and removal of 
the contaminated soil, the depth and area1 extent of contamination must be known as accurately as possible. 

Surface soil samples serve to characterize the extent of surface contamination at various sites. These samples 
may be collected during initial site screening to determine gross contamination levels and levels of personal 
protection required as part of more intensive field sampling activities, to gather more detailed site data during 
design, or to determine the need for, or success of, cleanup actions. 

Site construction activities may require that the engineering and physical properties of soil and rock be 
determined. Soil types, bearing strength, compressibility, permeability, plasticity, and moisture content are 
some of the geotechnical characteristics that may be determined by laboratory tests of soil samples. Rock 
quality, strength, stratigraphy, structure, etc. often are needed to design and construct deep foundations or 
remedial components. 
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5.1 Subsurface Soil Samples 

This section discusses four methods for collecting subsurface soil samples: (1) split-spoon sampling; (2) 
Shelby tube sampling; (3) bucket auger sampling; and direct push sampling. All four methods yield samples 
suitable for laboratory analysis. Copies of the ASTM procedures for split-spoon sampling, Shelby-tube 
sampling and direct push sampling are provided in Attachments A, B and C, respectively. 

5.1.1 Split-Barrel (Split-Spoon) Sampling 

The following procedures are to be used for split-spoon, geotechnical soil sampling: 

1. Clean out the borehole to the desired sampling depth using equipment that will ensure that 
the material to be sampled is not disturbed by the operation. 

2. Side-discharge or bottom-discharge bits are permissible. The process ofjetting through the 
sampler and then sampling when the desired depth is reached shall not be permitted. Where 
casing is used, it may not be driven below the sampling elevation. 

3. The two-inch O.D. split-barrel (not for geotech) sampler should be driven with blows from 
a 140-pound hammer falling 30 inches in accordance with ASTM Dl586-84, Qandard 
Penetration Test. 

4. Repeat this operation at intervals not longer than 5 feet in homogeneous strata, or as 
specified in the Sampling and Analysis Plan. 

5. Record on the Field Test Boring Record or field logbook the number of blows required to 
effect each six inches of penetration or fraction thereof. The first six inches is considered 
to be a seating drive. The sum of the number of blows required for the second and third six 
inches of penetration is termed the penetration resistance, N. If the sampler is driven less 
than 18 inches, the penetration resistance is that for the last one foot of penetration. (If less 
than one foot is penetrated, the logs shall state the number of blows and the fraction of one 
foot penetrated.) In cases where samples are driven 24 inches, the sum of second and third 
six-inch increments will be used to calculate the penetration resistance. (Refusal of the 
Standard Penetration Test will be noted as 50 blows over an interval equal to or less than 
6 inches; the interval driven will be noted with the blow count.) 

6. Bring the sampler to the surface and remove both ends and one half of the split-spoon such 
that the soil recovered rests in the remaining half of the barrel. Describe carefiully the 
recovery (length), composition, structure, consistency, color, condition, etc. ofthe recovered 
soil according to SOP F101; then put into jars without ramming. Jars with samples not 
taken for chemical analysis should be tightly closed, to prevent evaporation of .the soil 
moisture. Affix labels to the jar and complete Chain-of-Custody and other required sample 
data forms (see SOP F302). Protect samples against extreme temperature changes and 
breakage by placing them in appropriate cartons stored in a protected area. 
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In addition to collecting soils for geotechnical purposes, split-spoon sampling can be employed to obtain 
samples for environmental analytical analysis. The following procedures are to be used for split-spoon, 
environmental soil sampling: 

1. Follow sample collection procedures 1 through 6 as outlined in Section 5.1.1. 

2. After sample collection, remove the soil from the split-spoon sampler. Prior to filling 
laboratory containers, the soil sample should be mixed thoroughly as possible to ensure that 
the sample is as representative as possible of the sample interval. Soil samples for volatile 
organic compounds should not be mixed. Further, sample containers for volatile organic 
compounds analyses should be filled completely without head space remaining in the 
container to minimize volatilization. 

3. Record all pertinent sampling information such as soil description, sample depth, sample 
number, sample location, and time of sample collection in the Field Test Boring Record or 
field logbook. In addition, label, tag, and number the sample bottle(s). 

4. Pack the samples for shipping (see SOP F301). Attach seal to the shipping package. Make 
sure that Chain-of-Custody Forms and Sample Request Forms are properly tilled out and 
enclosed or attached (see SOP F302). 

5. Decontaminate the split-spoon sample as described in SOP F50 1 and SOP F502. Replace 
disposable latex gloves between sample stations to prevent cross-contaminating samples. 

For obtaining composite soil samples (see Section 3.0), a slightly modified approach is employed. Each 
individual discrete soil sample from the desired sample interval will be placed into a stainless-steel, 
decontaminated bowl (or other appropriate container) prior to filling the laboratory sample containers. 
Special care should be taken to cover the bowl between samples with aluminum foil to minimize 
volatilization. Immediately after obtaining soils from the desired sampling interval, the sample to be 
analyzed for Volatile Organic Compounds (VOCs) should be collected. In the event that a composite sample 
is required, care should be taken to obtain a representative sampling of each sample interval. The remaining 
soils should be thoroughly mixed. Adequate mixing can be achieved by stirring in a circular fash,ion and 
occasionally turning the soils over. Once the remaining soils have been thoroughly combined, samples for 
analyses other than VOCs should be placed into the appropriate sampling containers. 

5.1.2 Thin-Wall (Shelby Tube) Sampling 

When it is desired to take undisturbed samples of soil for physical laboratory testing, thin-walled seamless 
tube samplers (Shelby tubes) will be used. The following method applies: 

1. Clean out the hole to the sampling elevation, being careful to minimize the chance for 
disturbance or contamination of the material to be sampled. 

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the 
hole shall not be allowed. Only side discharge bits are permitted. 
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3. Prior to inserting the tube sampler in the hole, check to ensure that the sampler head 
contains a check valve. The check valve is necessary to keep water in the rods from pushing 
the sample out of the tube sampler during sample withdrawal and to maintain a isuction 
within the tube to help retain the sample. 

4. With the sampling tube resting on the bottom of the hole and the water level in the boring 
at the natural groundwater level or above, push the tube into the soil by a continuous and 
rapid motion, without impacting or twisting. In no case shall the tube be pushed further than 
the length provided for the soil sample. Allow a free space in the tube for cuttings and 
sludge. 

5. After pushing the tube, the sample should sit 5 to 15 minutes prior to removal. Immeidiately 
before removal, the sample must be sheared by rotating the rods with a pipe wrench a 
minimum of two revolutions. 

6. Upon removal of the sampler tube from the hole, measure the length of sample in the tube 
and also the length penetrated. Remove disturbed material in the upper end of the tube and 
measure the length of sample again. After removing at least an inch of soil, from thse lower 
end and after inserting an impervious disk, seal both ends ofthe tube with at least a l/2-inch 
thickness of wax applied in a way that will prevent the wax from entering the sample. 
Newspaper or other types of filler must be placed in voids at either end of the sampler prior 
to sealing with wax. Place plastic caps on the ends of the sampler, tape them into place and 
then dip the ends in wax to seal them. 

7. Affix labels to the tubes and record sample number, depth, penetration, and recovery length 
on the label. Mark the same information and “up” direction on the tube with indelible ink, 
and indicate the top ofthe sample. Complete chain-of-custody and other required forms (see 
SOP F302). Do not allow tubes to freeze, and store the samples vertically (with the same 
orientation they had in the ground, i.e., top of sample is up) in a cool place out of the sun at 
all times. Ship samples protected with suitable resilient packing material to reduce: shock, 
vibration, and disturbance. 

8. From soil removed from the ends of the tube, make a careful description using the methods 
presented in SOP F 10 1. 

9. When thin-wail tube samplers are used to collect soil for certain chemical analyses, it may 
be necessary to avoid using wax, newspaper, or other fillers. 

_- . . 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be 
sampled. Often very loose and/or wet samples cannot be retrieved by the samplers, and soils with a 
consistency in excess of very stiff cannot be penetrated by the sampler. Other appropriate devices can be 
used in conjunction with the tube samplers to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs and, therefore, their use should be weighed against the increased cost and 
the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube sampler, an 
attempt should be made with a split-spoon sampler at the same depth so that at least one sample can be 
obtained for classification purposes. 
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5.1.3 Bucket (Hand) Auger Sampling 

Hand augering is the most common manual method used to collect subsurface samples. Typically., 4-inch 
auger buckets with cutting heads are pushed and twisted into the ground and removed as the buckets are 
filled. The auger holes are advanced one bucket at a time. The practical depth of investigation using a hand 
auger is related to the material being sampled. In sands, augering is usually easily accomplished, but the 
depth of investigation is controlled by the depth at which sands begin to cave. At this point, auger holes 
usually begin to collapse and cannot practically be advanced to lower depths, and further samples, if 
required, must be collected using some type of pushed or driven device. Hand augering may also ‘become 
difficult in tight clays or cemented sands. At depths approaching 20 feet, torquing of hand auger extensions 
becomes so severe that in resistant materials powered methods must be used. 

When a vertical sampling interval has been established, one auger bucket is used to advance the auger hole 
to the first desired sampling depth. If the sample at this location is to be a vertical composite of all intervals, 
the same bucket may be used to advance the hole, as well collect subsequent samples in the same hole. 
However, if discrete grab samples are to be collected to characterize each depth, a decontaminated bucket 
must be placed on the end of the auger extension immediately prior to collecting the next sample. The top 
several inches of soil should be removed from the bucket to minimize the chances of cross-contamination 
of the sample from fall-in of material from the upper portions of the hole. The bucket auger should be 
decontaminated between samples as outlined in SOP F502. 

In addition to hand augering, powered augers can be used to advance a boring for subsurface soil collection. 
However, this type of equipment is technically a sampling aid and not a sampling device, and 20 to 25 feet 
is the typical lower depth range for this equipment. It is used to advance a hole to the required sample depth, 
at which point a hand auger is usually used to collect the sample. 

5.1.4 Direct Push Sampling 

Direct push sampling has become a widely used technique for collecting environmental samples of soil and 
groundwater. There are multiple sampling devices and different sized samplers used in direct push methods. 
Please refer to ASTM standards in attachment D. This is a general procedure for sampling and could1 change 
depending on work plan and type of sampling being done. 

1. The sampler should be driven to desired depth for sample. 

2 Bring the sampler to the surface and remove soil sleeve. Record all pertinent sampling 
information such as soil description, sample depth, sample number, sample location, and 
time of sample collection in the Field Test Boring Record or field logbook. In a.ddition, 
label, tag, and number the sample bottle(s). Affix labels to the jar and complete Chain-of- 
Custody and other required sample data forms (see SOP F302). 

3. After sample collection, remove the soil from the sampler. Prior to filling laboratory 
containers, the soil sample should be mixed thoroughly as possible to ensure that the sample 
is as representative as possible of the sample interval. Soil samples for volatile organic 
compounds should not be mixed. Further, sample containers for volatile organic 
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compounds analyses should be filled completely without head space remaining in the 
container to minimize volatilization. 

4. Pack the samples for shipping (see SOP F30 1). Attach seal to the shipping package. Make 
sure that Chain-of-Custody Forms and Sample Request Forms are properly filled out and 
enclosed or attached (see SOP F302). 

5. Decontaminate the sampler as described in SOP F501 and SOP F502. Replace disposable 
latex gloves between sample stations to prevent cross-contaminating samples. 

5.2 Surface Soil Samples 

Surface soils are generally classified as soils between the ground surface and 6 to 12 inches below ground 
surface. For loosely packed surface soils, stainless steel (organic analyses) or plastic (inorganic analyses) 
scoops or trowels, can be used to collect representative samples. For densely packed soils or deeper soil 
samples, a hand or power soil auger may be used. 

The following methods are to be used: 

1. Use a soil auger for deep samples (greater than 12 inches) or a scoop or trowel for surface 
samples. Remove debris, rocks, twigs, and vegetation before collecting the sample. 

2. Immediately transfer the sample to the appropriate sample container. Attach a label and 
identification tag. Record all required information in the field logbook (SOP F303) and on 
the sample log sheet, chain-of-custody record (SOP F302), and other required forms. 

3. Classify and record a description of the sample, as discussed in SOP F 10 1. Descriptions for 
surface soil samples should be recorded in the field logbook; descriptions for soil samples 
collected with power or hand augers shall be recorded on a Field Test Boring Record. 

4. Store the sampling utensil in a plastic bag until decontamination or disposal. Use a new or 
freshly-decontaminated sampling utensil for each sample taken. 

5. Pack and ship as described in SOP F301. 

6. Mark the location with a numbered stake if possible and locate sample points on a sketch 
of the site or on a sketch in the field logbook. 

7. When a representative composited sample is to be prepared (e.g., samples taken from a 
gridded area or from several different depths), it is best to composite individual samples in 
the laboratory where they can be more precisely composited on a weight or volume basis. 
If this is not possible, the individual samples (all of equal volume, i.e., the sample bottles 
should be full) should be placed in a stainless steel bucket (or other appropriate container), 
mixed thoroughly using a decontaminated stainless steel spatula or trowel, and a composite 
sample collected. In some cases, as delineated in project-specific sampling and analysis 
plans, laboratory cornpositing of the samples may be more appropriate than field 
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cornpositing. Samples to be analyzed for parameters sensitive to volatilization should be 
composited and placed into the appropriate sample bottles immediately upon collection. 

5.3 Rock Cores 

Once rock coring has been completed and the core recovered, the rock core must be carefully removed from 
the barrel, placed in a core tray (previously labeled “top” and “bottom” to avoid confusion), classified, and 
measured for percentage of recovery, as well as the rock quality designation (RQD) (see SOP Fl 01). If split- 
barrels are used, the core may be measured and classified in the split barrel after opening and then tranfrferred 
to a core box. 

Each core shall be described and classified on a Field Test Boring Record using a uniform system as 
presented in SOP FlOl. If moisture content will be determined or if it is desirable to prevent drying (e.g., 
to prevent shrinkage of hydrated formations) or oxidation of the core, the core must be wrapped in plastic 
sleeves immediately after logging. Each plastic sleeve shall be labeled with indelible ink. The boring 
number, run number and the footage represented in each sleeve shall be included, as well as the top and 
bottom of the core run. 

After sampling, rock cores must be placed in the sequence of recovery in wooden or plastic core boxes 
provided by the drilling contractor. Rock cores from different borings shall not be placed in the same core 
box. The core boxes should be constructed to accommodate 10 to 20 linear feet of core and should be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep ,the top 
securely fastened. Wood partitions shall be placed at the end of each core run and between rows. The depth 
from the surface of the boring to the top and bottom of the drill run and the run number shall be marked on 
the wooden partitions with indelible ink. The order of placing cores shall be the same in all core boxes. The 
top of each core obtained should be clearly and permanently marked on each box. The width of each row 
must be compatible with the core diameter to prevent lateral movement ofthe core in the box. Similarly, any 
empty space in a row shall be filled with an appropriate filler material or spacers to prevent longitudinal 
movement of the core in the box. 

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data 
pertaining to the box’s contents. At a minimum, the following information must be included: 

0 Project name 
0 Date 
0 Boring number 
l Footage (depths) 
l Run number(s) 
l Recovery 
l Rock Quality Designation (RQD) 
l Box number (x of x) 

It is also useful to draw a large diagram of the core in the box, on the inside of the box top. This provides 
more room for elevations, run numbers, recoveries, comments, etc., than could be entered on the upper edges 
of partitions or spaces in the core box. 
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For easy retrieval when core boxes are stacked, the sides and ends of the box should also be labeled and 
include project name, boring number, top and bottom depths of core and box number. 

Due to the weight of the core, a filled core box should always be handled by two people. Core boxes stored 
on site should be protected from the weather. The core boxes should be removed from the site in a careful 
manner as soon as possible. Exposure to extreme heat or cold should be avoided whenever possible. 
Arrangements should be made to dispose of or return the core samples to the client for completion of the 
project. 

6.0 QUALITY ASSURANCE RECORDS 

Where applicable, Field Test Boring Records and Test Boring Records will serve as the quality assurance 
records for subsurface soil samples, rock cores and near surface soil samples collected with a hand or power 
auger. Observations shall be recorded in the Field Logbook as described in SOP F303. Chain-of-Custody 
records shall be completed for samples collected for laboratory analysis as described in SOP F 10 1 and SOP 
F302. 

7.0 REFERENCES 

1. American Society for Testing and Materials, 1987. Standard Method for Penetration Test and Split- 
Barrel Sampling of Soils. ASTM Method Dl586-84, Annual Book of Standards, ASTM, 
Philadelphia, Pennsylvania. 

2. American Society for Testing and Materials, 1987. Standard Practice for Thin-Walled Tube 
Sampling of Soils. Method D1587-83, Annual Book of Standards, ASTM, Philadelphia, 
Pennsylvania. 

3. American Society for Testing and Materials, 1987. Standard Practice for Diamond Core Drilling 
for Site Investigation. Method D2 113-83 (1987) Annual Book of Standards ASTM, Philadelphia, 
Pennsylvania. 

4. U. S. EPA, 1991. Standard Operating. Procedures and Oualitv Assurance Manual. Environmental 
Compliance Branch, U. S. EPA, Environmental Services Division, Athens, Georgia. 
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A DNAPL FIELD SCREENING PROCEDURE 

The soil-water shake test involves the transfer of a soil sample to a clear centrifuge tube with an equal 
volume of water. The tube is stopped and the mixture shaken by hand. The DNAPL is identified by 
examination of the tube walls and bottom. This test can be enhanced by centrifugation of the mixture to 
facilitate the accumulation of the DNAPL at the bottom of the tube. It can also be enhanced by the addition 
of a small amount of hydrophobic dye such as red Sudan IV or Oil Red 0 to the mixture. (These dyes are 
insoluble in water, but are soluble in many organic liquids.) Any DNAPLs present in the sample thereby 
become red in color. The methods can be performed readily in the field during drilling and soil sampling 
activities. 

Taken from Pankow, J. and Cherry, J. (1996) “Dense Chlorinated Solvents” Waterloo Press, Po,rtland, 
Oregon, p. 4 14. 
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ATTACHMENT A 

ASTM D1586-84 
STANDARD METHOD FOR PENETRATION TEST AND 

SPLIT- BARREL SAMPLING OF SOILS 



Designation: 0 1586 - 84 (Reapproved 1992)‘* 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils’ 

“NOTE-Editorial changes wcw made throughout Dctoba 1992. 

1. Scope 
1.1 This test method describes the procedure, genera& 

known as the Standard Penetration Test (SPT), for driving a 
split-barrel sampler to obtain a representative soil sample 
and a measure of the resistance of the soil to penetration of 
the sampler. 

1.2 This standard does not purpon to address all of rhe 
safify problems, iJ any. associa!ed wirfr ifs use- 31 is rhe 
responsibility of the user of this standard 10 establish appro- 
priare safety and heakh practices and delermine Ihe appiica- 
bility o/regulatory limi(ations prior lo use. For a specific 
precautionary statement, see 5.4. I _ 

1.3 The values stated in inch-pound units are to lx 
regarded as the standard. 

\ , ‘.., 2. Referenced Documents 

2.1 ASTM S;andards: 
D2487 Test Method for Classification of Soils for Engi- 

neering Purposes2 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Proced~re)~ 
D4220 Practices for Preserving and Transporting Soil 

Samples2 
D4633 Test Method for Stress Wave Energy Measure- 

ment for Dynamic Penetrometer Testing Systems2 

3. Terminology 
3.1 DescripGons of Terms Specific IO This Slandard 
3.1.1 anvil--that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.1.2 cafhead-the rotating drum or windlass in the 
rope-cathcad lift system around which the operator wraps a 
rope to liR and drop the hammer by successively tightening 
and loosening the rope turns around the drum. 

3.1.3 drill rods--rods used to transmit downward force 
and torque to the drill bit while drilling a borehole. 

3.1.4 drive-weight asxrnbly--a dcvik consisring of the 

hammer, hamme; fall guide, the anvil, and :any hammer 
drop system. - 

3.1-S hammer-that portion of the drive-weight assembly 
consisting of the 140 -t 2 Ib (63.5 -+ 1 kg) impact weight 
which is successively lifted and dropped to provide the 
energy that accomplishes the sampling and penetration. 

3.1.6’ hammer drop qsfern-that portion of the drive- 
weight assembly by which the operator accomplishes the 
lifting and dropping of the hammer to produo: the blow. 

3.1.7 hummer fall guide-that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.1.8 N-value---the blowcount representation of the pene- 
tration resistance of the soil. The A’-value. reported in blows 
per foot, equals the sum of the number of blows required to 
drive the sampler over the depth interval of 6 to 18 in. (150 
to 450 mm) (see 7.3). 

3.19 AN-the number of blows obtained from each of 
the 6-in. (1%mm) intervals of sampier penetxation (see 7.3). 

3.1.10 number o/ rope rum-the total contact angle 
between the rope and the c&cad at the beginning of the 
operator’s rope slackening to drop the hammer, divided by 
360’ (see Fig. 1). 

3.1.11 sampling rods-rods rhat connect the drive-weight 
assembly to the sampler. Drill rods are oAcn used for this 
purpo= 

3.1.12 SPT-abbreviation for Standard Penetration Test, 
a term by which engineers commonly refer to this method. 

4. Significance and Use 
4. I This test method provides a soil sample for idcntifka- 

tion purposes and for labofatory tests appropriate for soil 
obtained from a sampler that may produce large shear strain 
disturbance in the sample. . 

4.2 This test method is used extensively in a great variety 
of geotcchnical exploration projects. Man>* Local correlations 
and widely published correlations which Aate SPT blow- 
count, or N-value. and the engineering behavior of earth- 
works and foundations arc available. 

5. Apparatus - - 
5.1 Drilling Eqrtiptnetrr-An\- d;illing cquipmcnt that 

provides at the time of sampling a stiitab@ clean open hole 
before insertion of Ihe sampler and cnsurc; that the pcnetk- 
rion tcsl is pcrformcd on undisturkd soil s!hdlvbc acceptable- 
The following pieces of cquibmcnt ‘have proven to be 
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterdo-ckwise Rotation and (b) Clockwise Rotation o! the 
Cathead 

suitable ,fpr adva.n&ing B borehole in some subsurface condi- 
tiOIlS. 

5.1.1 Drag. Chopping, and Fixhrail Sirs; less than 6.5 in. 
(162 mm) and greater than 22 in, (56 mm) in diameter may 
be usexi in conjuction ivith open-hole rotary chilling or 
casing-advancement drill& methods To avoid disturbance 
of the underiying soil, bottom discharge bits are not per- 
m&cd; only side discharge bits are permitted. 

S-l.2 Rol/eK-Cone Bifs, less than 6.5 in (162 mm) and 
greater than 2.2 in. (56 mm) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-ad- 
vancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem c0n1inuau.s FIighr /kgers, with or 
without a center bit assembly, may bc used to drill the 
boring. The inside diameter of the hollow-stem augen shall 
be less than 6.5 in. (162 mm) and greater than 2.2 in. (56 
mm). 

S-1.4. Solid, ConrinuolLs Fiighl. @&et and Hand Augers, 
hxs than 6.5 in. (162 mm) and gmatcr than 2.2 in. (S6 mm) 
in diameter may be used if the soil on the side of the boring 
does not cave onto the samp~cr or sampling rods during 
sampling. 

5.2 Sampling kx&-Flush-joint steel drill rods shall bc 
ti to connect the spWbarrcl sampler to the drive-weight 
assembly. The sampling rod sixah have a stiffness (moment 
of incrtia)~cqual to or greater than that of parallel wall “A” 
d (a steel rod which has an out&c diameter of 1% in. 
(4 1.2 ItIm) and an inside diameter of 1 l/s in. (28.5 mm). 

NOTE I-Raxnt rcularch and comparative resting indicates the trpc 
rod used. with stifkss ranging fmm “A” six rod to “W six rod, will 
usually have i ncgligiic effc-a ott the N-vahcs IO depths of at least IO0 
A (30 m)- 

53 Split-Barrel Sampler--The sampler shah bc con- 
stxueted with the dimensions indicated in fig. 2. ‘The driving 
shoe shall be of hardened s&l and shall be rcplaczd or 
repaired when it becomes dented or diitorteb. The use of 
liners to produce a constant inside diameter of 1% in. (35 
mm) is permitted, but shall be noted on the penetration 
record if used. The use of ti sample retainer basket is 
permitted, and should also be noted on the penetration 
record if used. - 

NATE 2-Both theory and availably test &tt suggest that N-valuc~ 
may increase bct~~n 10 to 30 % whc’n liners arc used- 

5.4 Drive- Weighr AssemblVv: , 
X4.1 Hammer and Anvil-The hammer shall weigh 140 

rt 2 lb (63.5 Z!C 1 kg) and shall be a solid rigid m~etalliti mass. 
The hammer shall strike the anvil and make steel on steel 
contact when it is dropped. A hammeq fall guide permitting a 
free fall shall be used. Hammers used \\ith the cathcad and 
rope method shall have an unimpcdcd overlift capacity of at 
least 4 in. (100 mm). For safety reasons. the use of a hammer 
assembly with an internal anvil is encouraged. -- 

NOTE 3-N is suggested that the hammer faJ1 _pUidc be pcrmaocndy 
ma&cd to cnaMc the o~nlor or imp&or (0 judge the hamma tid 
height 

X4.2 Hammer Drop S-vstern-Qxcathcad, trip, semi-. 
automatic. or automatic hanimer drop s>srems may bc us& 
providing the lifting apparatus will no( cause pcnctration Of 



OPEN SHOE 

/- 

-a@ D 1586 

HEAD ; 

A = l.Oto20in.(25tosomm) 

8 - 18.0 to 30.0 *n (0.457 to 0.762 m) 
C - 1375 * 0.005 Lr (3423 3~ 0.13 mm) 

D = 1M~O.OS-O.~in(38.1~l~-0.0mm) 

E - o.loc0.02in(2.54*025mm) 

F = 2.00~0.05-0.00~n(50.8~~3-0.0~) 

G = 16.0’ to 23.0’ 

FIG. 2 Split-Barre! Sampler 

“be sampler while re-cngaging and lifting the hammer. 
5-5 Accessory Equipment-Aaxssorics such as labels, 

t 
‘pie containers, data sheets, and groundwater level mca- 

; ,ng devices shall be provided in accordance with the 
requirements of the project and other ASTM standards. 

- 6. Drilling Procedure 
6.1 The boring shall be advanced incrementally to permit 

intermittent or continuous sampling- Test intervals and 
locations are normally stipulated by the project engineer or 
geologist. Typically, the inter&s selected are 5 0. (1.5 mm) 
or less in homogeneous strata with test and sampling 
locations at every change of strata- 

6.2 Any drilling proccdurc that provides a suitably clean 
and stable hole before insertion of the sampler and assures 
that the penetration test is pctformed on essentially undis- 
turbed soil shall bc aaxptablc. Each of the following 
proccdurcs have proven to bc acceptable for some subsurface 
conditions. The subsurface conditions anticipated should be 
considered when sckting the driUing method lo be used. 

6-2 I Open-hole rotary drilling method. 
6.22 Continuous flight hollow-stem auger method. 
6.23 Wash boring method 
6.2.4 Continuous flight solid auger method. 
6.3 Several &iUing methods produce unacccptablc 

borhs. The process ofjetting through an open tube samdcr 
and then sampling when the d&-cd depth is rcachcd shall 

_, .--not bc permitted. The continuous flight solid auger method 
l ’ 11 not be used for advancing the boring below a waler 

: 1, 
t. 

or below the upper cdinirtg bed of a confined 
cohesive sttdum that is under artesian pressure. Casing 

may not bc advanced below the sampling elevation prior to 
sampling. Advancing a boring with bottom discharge bits is 
not permissible. It is not permissible to advance the boring 
for subsequent insertion of the sampler solely by means of 
previous sampling with ,the SPT sampler. 

6.4 The drilling fluid level within the boring or hollow- 
stem augers shall be maintained at or above the in situ 
groundwater level at all times during drilling. removal of drill 
rods, and sampling. 

7. Sampling and Testing Procedure 
7.1 Afkr the boring has been advanced to th,e desired 

sampling elevation and excessive cuttings have been re- 
moved, prepare for &he test Gth the follo$ng sequence of 
operations. 

7.1.1 Attach the split-barrel samljlcr to the sampling rods 
and lower into tic bonholc. Do not allow the sampler to 
drop onto the soil to bc sampled. 

7. I .2 Position the hammer above and attach the anvil to 
the top of the sampling rods. This mav be done before the 
sampling rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler. rods. anvil, and 
drive weight on the bottom of the boring and apply a seating 
blow. If execssivc cuttings are encountered at the bottom of 
the boring. remove the sampler and sampling &is from the 
boring and rcmovc the cuttings. 

- - 

7.1.4 Mark the drill rods in three successive h-in. (0.15-m) 
increments so ahat the advance or the sampler under the 
impact of tic hammer can be easily observed for each 6-in. 
(0.1 S-m) increment. 

j.2 Drive the sampler Gch blows from the i’-YO-lb (63% 

143 
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kg) hammer and count the number of blows applid in each 
6-in, (0. IS-m) increment until one of the following occurs: 

7.2.1 A total of SO blows have been applied during any 
one of the three 6-in. (0.15-m) increments described in 7.1.4. 

7.2.2 A total of IO0 blows have been applied. 
7.2.3 There is no observed advance of the sampler during 

_ the application of 10 successive blows of the hammer. 
7.2.4 The sampler is advanced the complete 18 in. (0.45 

m) without the limiting blow counts occurring as described 
in 7.2.1.7.2.2, or 7.2.3. 

7.3 Record the number of.blows rcqujred to cff?zt each 6 
in. (0.15 m) of penetration or fraction thereof. The first 6 in. 
is considered to be a seating drive. The sum of the number of 
blows required for the second and third 6 in. of penetration is 
termed the “standard penetration resistance.” or the 
“N-value.” If the sampler is driven less than 18 in. (0.45 m), 
as permitted in 7.2.1, 7.2.2, or 7.2.3, the number of blows 
per qch complete 6-in, (0.15-m) increment and per each 
partial increment shall be recorded on the boring log. For 
partial increments, the depth of penetration shall be reported 
to the nearest 1 in. (25 mm), in addition to the number of 
blows. If the sampler advances below the bottom of the 
boring under the static weight of the drill rods or the weight 
of the driI.l rods plus the static weight of the hammer, this 
information shouId be noted on the boring log 

7.4 .The raising and dropping of the 140-lb (63-S-kg) 
hammed shall& accomplished using either of the following 
two methods: 

7.4.1 By using a trip, automatic, or semi-autoni&ic 
hammer drop system which lifts the I40-lb (63.5-r(g) 
hammer--and allbws it to drop 30 rt 1.0 in. (0.76 m -+: 25 nim) 
unimpeded .‘I .*- . . 

7.4.2 By .using.a cathead to puIl a rope attached. to .the 
hammer. When the cathead and rope method is used the 
system and ,pperation shall conform to the following: 

7.4.2.1 The cathead shall be essentially free of -wt, oil, or 
grease and:have a diameter in the tige of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum 
speed of rotation of 100 RPM, or the approximate speed of 
rotation shall be reported on the boring log. 

7.4.2.3 No more than 2% rope turns on the cathead may 
be-used during the performance of the penetration tat, as 
shown in Fig. 1. 

Non 4--l&c operator should gcncrally use cithcr 1% or 2% rope 
turns. dcpcnding up00 wbclh~r or not tic rope mmcs off tic top (1% 
turns) or the bottom (2~i turns) of tic calhead It is gcncrally known 

and aeuptcd that 2% or mom rope turns considerably impcda the fati 
of the hammer and should not be us&i to pcxform lhc tcsL The cxthcad 
rope should bc maintained in a rcIativcly dry. clean. and unfmyod 
condition. 

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) iii and 
drop shall bc employ4 by the operator. The operation of 
puIling and kxving the rope shall be performed rhythmi- 
&lY without holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. Record the 
percent recovery or the length of sample recovered. Describe 

- the soil samples recovered as to composition. color, stratifi- 
cation, and condition, then placc one or more rePr=ntitivc 
Portions of the sample into scalable moisture-Proof con- 
taincn (jars) without ramming or distorting any apparent 
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stratification. Seal each container to prevent <:vaporation of 
soil moisture. Affix labels to the containers h&g jc 

__ 
\ 

designation, boring number, sample depth, and the blo,, :-‘::!. 
count per 6-in. (0.15-m) increment. Protect the ample 
against extreme temperature changes. If there is a soil change - 
within the sampler, make a jar for each stratum and note its 
location in the sampler barrel. 

8. Report 
8.1 Drilling information shall bc recorded in the field and- 

shall include the following: 
8.1.1 Name and location of job, 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 
8.1.4 Weather conditions, 
8. I.5 Date and time of start and finish of boring, 

- 8.1.6 Boring number and location (station and cuordi- 
nates, if available and applicable), 

8.1.7 Surface elevation, if available, 
8. I .8 Method of advancing and cleaning the boring, 
8.1.9 Method of keeping boring open, . 
8.1.10 Depth of water surface and drilling depth at the 

time of a noted loss of drilling fluid;and time and date when 
reading or notation was made, 

8.1. I 1 Location of strata changes, 
8.1.12 Size of casing, depth of cased portion of boring, 
8.1.13 Equipment and method of driving sampler, 
8- 1.14 Type sampler and length and inside diameter of 

barrel (note use of liners), 
8.1.15 Size, type, and section length of the sampling rock ‘-L.i 

and 
8~1.16 Remarks. 

Data obtained for each sample shall be recorded in tde 
L...- 

8.2 
field and shall include the following: . 

8.2.1 ‘Sample depth and, if utilized, the sample nunibk;f- 
8.2.2 Description of soil, 
8.2.3 Strata changes within sample, 
82.4 SampIer penetration and recovery lengths,-and 
8.2.5 Number of blows per Gin. (0.15-m) or partial 

increment. 

9. Precision and Bias 
9.1 Precision-A valid estimate of test precision has&t 

,been determined because it is too costly ‘to conduct the 
necessaq inter-laboratory (field) tests. Sulxxmtiittee 
D 18.02 welcomes proposals to allow development of a valid 
precision statement. 

, 

9.2 L&z--Because there is no reference material for this 
test method, there can be no bias statement. 

9.3 Variations in N-values of 100 % or more have been 
observed when using different standard penetration test 
apparatus and drillers for adjacent borings i.n the same Soil 
formation. Current opinion, based on field experience, 
indicates that when using the same apparatus and tiller, 
N-values in the same soil can be reproduced with a *fi- 
cient of variation of about 10 %. 

9.4 The use of faulty equipment, such -as an extremely 
massive or damaged anvil, a rusty cathad. a low a?@ T:.:.. 
cathead, an old. oily rope, or massive or poorly lubnati .‘. 
rope sheaves can signiticantly conrributc to differen- in ..-. 

N-values obtained be>erwecn opemrordrill rig, systems. _ 

- 



9.5 The variability in N-values produced by difkrcnt drill adjustment is given in Test Mctltod D 4633. 
rigs and opcraton may bc reduced by m&wring that part of 
the hammer cncrgy dclivcrcd into the drill rods‘ from the 10. Keywords 

mplcr and adjusting N on the basis of comparative 10.1 blow count; in-situ lest; pcnctralion rcsistanoc; split- 
-* “*,Tjcs- A method for energy mcasurcmcnt and N-value barxl ‘sampkig; standard pcnctration test 

. . . 



ATTACHMENT B 

ASTM D1587-83 
STANDARD PRACTICE FOR THIN- WALLED TUBE SAMPLING OF SOILS 



Standard Practice for 
Thin-Walled Tube Sampling of Soils’ 

( 

1. scope 
1.1 This praetke covers a procedure for using a thin- 

walled metal tube to rccovcr rclativcly undisturbed soil 
sampIes suitable for laboratory tests of structural properties. 
Thin-walled tubes used in piston, plug or rotary-type sam- 
plcrs, such as the De&on or Pitcher, must comply with the 
portions of this practice which desuibc the thin-walled tubes 
(5.3): 

NOTE l--This praeticc docs not apply to liners uscxi within the above 
samplcfs 

2. Referenced Documents 

2. I ASTM Slandards: 
. 

D 2488 Praetiec for Description and Identification of Soils 
(Visual-Manual Proeedure)2 

-\ 

D 3550 Practice for Ring-L&xl Barrel Sampling of Soil? 
D4220 Praetiees for Presctving and Transporting Soil 

SampIes 

’ -- 3. summary of Practice 
3.1 A relatively undkurbcd sample is. obtained by 

pressing a thin-waIIcd metal tube into the in-situ soil, 
removing the soiI-filled tube, and sealing the ends to prevent 
the soil from b&g disturbed or losing moisture. 

4. Significance and Use 
4.1 This praetiec, or Pmctiee D 3550, is used when it is. 

necesary to obtain a rclativcly undisturbed specimen suit- 
able for Iaboratot-y tests of structural properties or other tests 
that might be influenced by soil disturbance. --‘- 

5. Apparatus 
5. I Drilling Equipmenf-Any drilling equipment may bc 

used that provides a rcasonably clean hole; that does not 
disturb the soil to bc sampI&, and that does not hinder the 
penetration of the thin-wahcd sampler. Open bot-chole 
diameter and the inside diameter of driven easing or hollow 
Stem auger shall not c.xeecd 3.5 &ncs the outside diameter of 
the thin-walled tube 

5.2 Sampler Insertion &quipmenf, shall be adequate to 
provide a relatively rapid continuous penetration force For 

hard formations it may be nccxssary, although not rccom- 
mended, to drive the thin-wakl tube sampler. 

5.3 Thin-Walled Tubes. should be manufactured as 
shown in Fig 1, They should have an outside diameter of 2 
to 5 in. and be made of mcta.I having adequate strength for 
use in the soil and formation intcndoi Tubes &II be &an 
and f&e of all surface irrcguIarities including prc&ting weld 
seams 

5.3.1 Lmglh of TubesC-- Table I and 6.4. 
5.3.2 T~kmrtces, shall bc within the limits shown in Table 1 

2. 
X3.3 Inside Clearance Ratio. should be 1 % or as speei- 

fied by the engineer or geologist for the soil and formation to 
be sampld GcneraIIy, the inside eIe.axxnee ratio used shouId 
inercasc with the increase in plasticity of the soiI being 
sampIed See Fg. I for definition of inside ckarancz ratio. 

5.3.4 Corrosion Proteaion-Gmosion, whcthcr Tom gal- . 
vanic or ChcmicaI reaction, can damage or dcstmy both the -* 
thin-waIled tube and the sample. Severity of damage is a ( 

function of time as well as interaction bctwcc~ the sample 
and the tube. Thin-Wed tubes should have some form of. 
protective coating. Tubes which will contain sampl& for 
more than 72 h &II be coated. The type of coating to be 
used may vary depending upon the material to be sampled. 
Coatings may indude a light coat of lubricating oil, lacquer, 
epoxy, Teflon, and others. Type of coating must be speeificd 
by the cngincer or geologist if storage will cxecd 72 h 
Plating of the tubes or alternate base .mctaIs may be speeificd 
by the engineer or geologist 

5.4 Sampkr Head. scmcs to couple the thi~walled tube 
to the insertion equipment and, togcthcr with the thin-waIIcd 
tube, comprises the thin-w&xi tube sampler. The sampler 
head shaII contain a suitable cheek vaIvc and a venting arca 
to the outside equal to or grcatcr than the area through the 
cheek vaIvc Attachment of the head to the tube shaIl be a 
concentric and coaxial to assure uniform appheadon of force 
to the tube by the sampler insertion equipment. 

6. Procedure- 
6.1 Ckan out the borchok to sampling elevation using 

whatever method is preferred that will ensure the mate&l to . 
be sampled is not disturbed. If groundwatcr is cneountercd, c 
maintain the Liquid IevcI in the borehole at or above ground 
water level during the sampling operation. . 

6.2 Bottom discharge bits arc not permitted. Side dk-’ 
charge bits may be used. with caution. Jetting through an 
Open-tube sampler to clean out the borcholc to sampling 
ckvation is not permitted. ,Rcmovc loose matcrid from the 
cxntcr of a casing or hollow stern auger as ,carcfully as 
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TABLE 1 Suitable Thin-W&x! St& Sample Tube: A 

1 

5 to IO diameters of the tube in sands and 10 to IS diameters 
of the tube in clays. 

+om7 
-0x00 
+o.ooo 
-0.007 
Aaco7 

a015 

Wssiblc to avoid distu&aum of the material to be sampled- 

6.3 Place the sample tube so that its bottom rests on the 
ltom ofthc hole- Advan= thcsampkr wiihoul rolatiorl by 

. s__, :ontinuous relatively rapid motion. 
6.4 Dctcnninc the length of advance by the resistan= and 

andition of the formation, but the length shall ncvcr exceed 

.-‘, 

Norr: 3-Weight of sampk, laboratory handling capabilities, trans- 
pxtation probkms, and commtial availabiity of tubes will gcnually 
limit maximuti practical lengths to tbosc shown in Tabic 1. 

6.5 When the formation is too hard for push-type inser- 
tion, the tube may bc driven or Practice D 3550 :may be 
used. 0ther methods, as dire&cd by the engineer.br gtxAogist, 
may be used If driving methods are us6d, the data regarding 
weight and fait of the hammer and penetration achieved 
must be shown in the report. Additionally, that tube must be 
prominently labeled a Vrivcn sample-” 

6.6 In no case shall a kngth of advance be greater than the 
sample-tube length minus an allowance for the +mpIcr head 
and a minimum of 3 in. for ;ludgc+nd cuttings. 

NOTJZ b--The tube may bc rotated to shear bottom of the ~ampk 
ah prwing is complctc 

6.7 withdraw the sampI& Corn-the fo&a%ou as (carefully 
as possible in order to minimize disturbance of tbc sample- 

7. Preparation for Shipment 
7.1 Upon removal of the tube, gkasure the 1,cagt.h of 

sample in the tube. Remove the d&u&d material in the 
upper end of the tube and measure the length again.. Seal the _ . 
upper end of the tube- Remove at least 1 in- of material from 
the lower end of the tube. Use this material for soil 
description in accordance with Practice D 2488. Mcasurc th.c _ 
overall sample length. Seal the lower end of the tube- 
Altcmativcly, after measurement, the tube may be sealed -: 
without removal of soi1 from the ends of the tube if so 
directed by the engineer or geolo~gist. 

NOTE S-Field extrusion and packaging of cxuudcd sampla under - 
the specific diraaion of a gcotcchaical cogioccr or gcobgh i?. pcrrnittod- 

NOTE 6-Tubes Kalcd over the cads as oppwd to USC waled with 
expanding packa should contain cod padding in end voids in order to 
PfCVCUt drainage or movcmcat of tic sample within tic tube. 

\ 
7.2 Prepare and immediarcly aflix labels or ap!pIy mark- 

in@ as neceswy to identify the ample- ,qsun: that the 



, .*Rcporl 
The appropriate information is rcquircd as follows: 

Name and location of the project, O. 1.1 
8. I.2 Boring number and pr&x location on project. 
8.1.3 Surface clcvation or reference to a datum, 
8.1.4 Date and time of boring-start and finish, 

surcd. 
8.1.10 
8.1.1 I 

D 2488, 
8.1.12 
8.1.13 

markings or labels arc adcquatc to surfivc ~~ns$xxlation 8-1.8 Method of drilling, six of hok, casing, and &l[ing 
and storage. fluid used. 

8.1.9 apth to groundwatcr lcvcl: date and time ma- _ 

Any possible current or tidal cffcct on water Icvcl, 
~03 description in accordance with Practiw 

Lcagth of sampler advance, and 
Recovery: length of sample obtained. 

8.15 I.kpth to top of sample and number of sample, 
8.1.6 Description of sampler: size, type of metal, type of 9. Precision and Bias . 

coating, I 9.1 This practice does not produce numerical data;; thcrc- 
8.1.7 Method of sampler insertion: push or drive, fore, a precision and bias statcmcnt is not applicable. 

- : 
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ATTACHMENT C 

ASTM D2113-83 (1987) 
STANDARD PRACTICE FOR DIAMOND CORE DRILLING FOR 

SITE INVESTIGATION 



. - 
1. scope 

1.1 This piactlce dwi cqtipmcntand pr&cdtucs for 
diamond core d&in& to secure cxxc szunpk of rocl: and’ 
some s&s that arc too hard to sample by sdl-smdhg 
~IIcthods. This m&hod is described in the contc%t of ob- 
taining data for faundation design atid gcotcchni~ co& 
nccring purpasu rather than for mineral and mining cxpb 
ration. 

.1.Rc.fexeuc&bocnmcnts 

2. I ASTM .Wmiards; 
D f 586 Method for Pcnctration Tc% and Split-Barrel 

Sampling of SoiiZ 
D 1587. Practice for Thin-waucd Tube sampling af soil.9 
D 3550 Practice for Ring-L&d BarrcI Sampliag of Soil.? 

3. Significance aad USC 
3.1 This pacti= is used lo obtain con! specimens of 

mpcfior qtl&tj that kfkct the lnsiru cxxuiitions of the 
~,~!ntcriaI and Srmcturc and +ich an suitable for Stan&d 

rsicd-propci-ties tests and structumi-in~ty denha- 
n. . _ 

4. Apparaxtus - 
4.1 Drilling Ma&i& capable of providing rotation, feed, 

and rcvacticm by bydrwlic 6r mo&anical mm zo thr: 6iu 
rods. 

4.2 Ruiif Pump or Air Compressor, capable of delivering 
sufkicnt vohmc and pressure for the diamcrcr and depth of 
hole to be drilled. 

4.3 Cure barrels, as rcquirak - - ;- 
4.3.1 Single Zikbc ~)Jw, WG Design. coating of a’ 

h~lbsv stcd tube, with a had at ORC end thre;rdcd for drill 
t-ad, and a threaded connection for a rcamiag shd.l and core 
bit at UIC other end. A con lif@ or RX&U 10cattd within 
the con: bit is normaI, but may bc omitted at the discretion 
of the gc&gist or cnp;ncef. 

4.32 Double Tube. SWvcf-me, WG Design-An as- 
xmbly of two concentric steel tubes joined and suppxtcd at 
the upper cad by means of a ball or rollcrAxa&g swid 
=-ranged to pWzIIit rotation of the outtf tube vfithouf causing 
f’otatioa of the inner tube. The upper end of the ouur tube, 
Or rcmovabk head, is tkca&d Tar drill rod. A xhrcadcd 
~~ncction is pwidcd on t& fowcr ad of the oufcr tube for 

-. 
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- . 
a reaming sbcll and uxc bit. A core l&r IocaUd tithiu tbc 
core bit is normal but may bc omittcd at the discrctian ofthe 
gchgist oi cnghlcrr, - . 

4.33 Double-Tube Svi~&i)pe, WT Design. is CSCIP 
Wy the srnc as the double tube, swivel-tm WG &dg~~, 
except that the WT design has thinner tube udk, a rcducai 
anauhu a~~41 bctwccn the tubes, and taku a laqer core kxn 
the sane diamcw boa hole. PC core Iif& is located tiith?n 
the cd-c bit. 

43.4 Doubte 2lbe; S&e1 TLpe, WMDesign. is shuilfulo 
tibc double tube, swi~&ypc, WG d&a, &cc@ thixl: the - 
innc.rtubC Is tkadcd at its lower end to rcccivc a corc.Gfk 
cisc that cffcsaivcry cxtcad.3 tic inner tube wll~nto the con 
bit, thus min;min’ ngcqxxureofthe~rc tothedril&gLluM. 

-.. .. 
- -.. . 

4.3.5 I&d&? 2hb.e Shivel-Type, Lar~~Diam& Dt!n$& 
is siadlar to tbc iIoublc tube, swi~ekypc, W de&n, wit6 
the addition of a ball dye, to cxn~trol fluid Ilow, in aU ,thrre 
available tiz& and the addition Of a sludge ban-cl, to casd~- 
bcavy cuttin@, on the two laqcr siks. The lar@#ia~ncta 
design double tube, swkl-type, core barnIs ark availabkin~ 
three con: per hole sizes af follows 2% in. (69.85 mm) by 3% 
in. (98.43 mm), 4 in, (101.6 mm),by SYI in. (139.7 mm)t, A 
6 in. (152.4 mm) by 7% in-*(19685 mm), Their use ic. 
gcncrally nscrvcd for very dctailcd investi&vc wok a- 
whcrc 0th~ m$hods do not yield adcquarc recovery. 

43.6 Double Tube. .!hM-Type. Retrievable InrwTuk 
Merhod, in which the comladcn inner-Me a%cmbly k 
rctricvcd to the surface and an empty inner-tnbc. assc%@ 
nturn$ to the &cc of the borcholc tiough the mat&$ 

. larg&ore. drill rods wi+out .nccd for witidrarval and [P - 
placement of the drill rods in the b0rchoIc, The inner-Uh 
asscmbIy CO& of an inacr tube with rqno~$~k OXI:.~ 
case had core lifrct-at one end and a runovablc inncr~tuh 
hesd, swivel bed&g. suspension adj~mcof-and Izkhiq. 
device with &xc mccfranizm oa the opposifc end, Itb 
inncf-Iubc latching &vice locks into a compkmcntary ra. 
in the waJ.l of ti outer tube such that the outer tube may k . 
rot&d without catig mtatioa of the iuncr tube and srdi 
that the bti may be actwtcd and the inner-t& ~SZUI&~ 
tranSp01Icd by appropriate SUffse'aAtfOf. The OUW l&i’ 

I thwadcd for the matching, largc-borc drill cod and inttxna!j, 
configured to rcccivc the he-c-tube latching device ;rt! CU! 
end and threadad for a reaming shell and bit, or bit only,& 

the ofher end. I 
4.4 Longltudinaity @lit Inner Tubu--AS opposed %I - 

convcntiod cylindrica! iuncr tubes, allow inspection I$, uu 
amz~ to, the con: by simply removing oat of the two hala - 
They arc not stqndzu&A but b-c avakbk foi m&t gr; 
&rc!s including many of the refr&qb[c jancr-tuhc tm ! 

- -. .- “. .._ ._ . . --.~ ^ I-__ ,-~ .- -.. _.” .- ..r ;........_.___._ _ ,._. “___i__ 



4.5 Core f?irs---Core bits shall bc surlacc SCL v$b dia- 
n&s, imprcgnattd with smaJ1 diamond partick,in%rt~ 
kh tungsten catbidc slugs, orstrips, hard-faced with various 
$fd surfacing mat&Is or lumihd h saw400th form, dl 
:S lppropriale lo the formation Ix& cotcd and with 
‘kwurcncc of the gcolo& or cnghwr. Bit matrix mattial 
!wm shape, water-my type, location and numbcx of water 
~ys, diamond six and carat tight, aad bit fatiag rnatcrials 
S!d be foi general purpose use unless othcnvkc approved by 
5~ gcdogist or cnginccr. Nodhal size of some bits is show0 
%TabJc 1. 

i. 

r-lo;r I--St dcrigMtion (lcucr syulbols) osd ll.w*ut the cut 
‘icdJnTdks 1,2,and3mthwstaudrrditodbytieDiamotldcorC: 
ml Maaufacu.lnn’ Assoc. (DCDMAI. Inch diulaulocu in the tabtcs 
h bcm rou&d to tbc ncamt hundredth of au inch . 

‘4.6 Remring ShcfLs, s&dl bt surface set with diamonds, 
‘mprtgoatcd with- small diamond particlc.~, ins&&d with 

. aq@encarbidc st&x or slugs, hard faced with tious tyw 
$ had surfacing matcdaki, or fumkhcd bknk, all as 
qxopriatc to the formation’bcing cow3. * 

47 Core I;i/tcrs--Corc Iiftcrs of tic Sptit-dng ijfPG cith 
&in or hard-fa- shall be htmishcd and mafntainad, along 
4th cafe-lifter casts 0s. iancr-tcltx cxtcllsion¶ or I4nn;tubc 

s?0c& in good condition. Basket or fingcr-typc li&rs. ta- 
;.ti with any ncccsary adaptcq shaIJ be on.& job and 
‘NdilaMcfor~withcachcorebarrclIsodircdcdbythc 
.gdo& or cngker. 

4.8 cosi?lgs: 
48.1 Dl-vc Pipe or Drive i.hht& shall be stdzrd weight 

!xbedule #), extra-heavy (schcdu!c EO), double crtra-heavy 
frthcduIe .l60) pipe or W&sign flush-joint &g as rc- 

q~hd by & MWC of t& o~tiburdca or tlx: plaamcnt 
method. Ddvc pipc or W4esisn casing ahall bc of sufkicpt 
dianxtcr lo pan L~c krfW c~fc banal to ba used, IUICI it s&u 
lx driven to bad rock or to firm seating at an clcwion b&w 
water-sansitivc fiation. A ha&nod drive shot is to & 
used as a cutting CX@ and thread pmtoction d&x On the 
bottom of the driva pipe or csing The drive shot insi& 
diamcttr &d! be lac UlOU$ IO pasS thC toOk intcndcd for 
USC, and the shoe and pipe or cash% shall bc froc from burrs 
Of obsifuctions. 

4.83 %arlng--whcn nw to cam $-m.qh hma- 
tions akcady pc.netrati by the bortholC or when no drive 
casing has been set, auxiliary c&g shall bc provided to fit 
insIde the h&hole to allow use of the next :snaltcz co& 
bared standard sizes dr tclcsdoping &g WC slmvn fn 
Table 2. Cking bits have an olstruction In the& fntcrior and 
wiixlot passthcncxt srldkrdngsizc.U~attingsfroo~ 
addittos tclecxwiag is antidpatcd. . . . 

4.83 Castffg &a----ptastio pipe or sheet-m,ti pipe may 
bcuscdtoGlezntitinglargodiamder~lg.wners,so 
usal, should not be dsiw, and. cart +ould bc taken to 
maidtain true alignment throughout the kngth of the l&r. 

4.8.4 Hoflow Sfcm AUW-Hollow skm -zm@x may be 
used as casing for coring. 

4.9 DriuRo& 
49.1 Drill Roo!r of Tublllcv steel ansfrucfion arc aoc- 

utdly used to tramit food, rotation, and tiratiod forces 
from lhc ddning mxhlnc lo the core banct IHI-rod fkX 

. that arc p*mtIy st&xdizciJ are show in T’abk 3. 
493 Lags tmc drill rods used with retr%vabIc inner- 

tube core barrels. arc not staodardizcd- Drill rods used with 
retricvabIe inner&& core barrek shoutd bc those rxw&kc= 
tt$txi by the mrc-wc3 mantiti~r qccil~a~lly for the ---j. 
cmclxtrrd 

4.9.3 Composite. Drill Rods arc spodficdy cortstructcd 
from two or more materials intend& to provide S@C 
proper& such as light w&&t or ckzctrical nonconductivity. 

49.4 Nwmgnetic Drill ROG% arc manuf’rcd of 
nonferrous mati& such as aluminum or brass and arc 
used primarily for hole survey work Z(ome nonmawtic rods 
have l&t-hapd thr&s in order t’o Jigthcr th$.r Y&X in 
$Wey V.&L No stiulcsard c&s roiiioilmgrldic oxis. 

4.10 hxi/iury Equipment, shall bz furaidtcd af required- 
by the work and shalJ indudc rokr f@.$ bits. dmg bits, 
chopping bits, boulder busters, fishtail bits, pJpc wrc;achG 
an-c bad wcnch~ lubrication equipment, ICOO(G ~XG and 
m&q &yica. o&r rmrnmcnded cqufpmcnt includes: ’ 
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core splitter, rod wicking, pumpout tools or extrudcs,.an~ 
hand sicvc or suaincr. 

5. Trau3gortation And Storage of Core C&taIncs * 
5.1 Cafe Buz3, Wl bc wnstNclcd of wood of other 

durable mat&l for L& pro&on and sr~ragt 6f wrcs whih 
enroute from the drill site to the laboratory or other 
pmccsing point. All d;orc boxes shall be protidcd with 
longituditi separators and recovefcd ~0re.s ti bc laid Out 
as a baok woukl rea& from left to righf.and lop to boftom, 
withIn the longitudinal separators. Spaccz blocks of PI*ugs 
shalt be markd and inscrtcd into the core column within the 
separators to indiczttc the &ginning ofcach wring an. The 
beginning point of stongc in mch WCC box is the up~e,r 

left-hand comer, The upper left-hand wmcr of2 tigcd wm 
box is the left corner when the hinge is on the far side Of tic 
box and the bof is right-side up. All hinged core boxes muSt 
be perinancntly marked on the outside to indi~#e the top 
and the bottom. All other cofc ho= musf hc -Uy 
mkcd ,on the outside to indicate tic top and she bottofi 
and additionally. must be permanently masked internally to 
indicate the upper-left corner of the bottom with the tirtas 

\ UL of a splotch of red paint not 1~ rhan 1 in.’ Lid or cover 
lining(s) for core boxes mun bc of such quality as to cnT.rc 

._ against mix up of tic arc in the eycnl of impact or upscttlng 
of the core box duriog transponafion. 

5.2 Transportation of cores from the dill site to the 
laboratoiy or 0th~ p&sing point shall be in durable core. 
boxes sa padded or quspended as to be isolated from shock or 
impacl transmitred to the transporter by rough terrain or 
carclcss opcrition. 

3.3 Srofagc.of wrcs, after initial Wsting or inspection at 
the laboratory or-other pmczssing pint, may be: in card- 
board or similar less castly boxes provided all layout and 
marking re$irements as spccificd in S-1 UC foIlowed. 
Additional spacer blocks or plug shaU bc added if nCCtSXiry 
at rime of storage 10 explain missing tort. Cores shall be 
S~OCC~ for a period of time spccikd by rhc cnginctr but 
should not normally be discarded ptior to completion of the 
pfojt%t for which they were taken. 

-6. Procedure 
6.1 USC corc-&iIIing procedures wbcn formations tie 

tnwuntcrcd that are too hard IO be sampled by soil-sampling 
MCtbodr A I-in. (X4-mm) or 1c.s pcnetntioa for 50 blows 
in accordance wi& Method D 1586 oc other erilcria cstab- 
lizh& by rhc ecologist or engineer, shall indicate Ihat 
Soil-Sampling mctbc!s arc no1 ap&ablc. 

6.1.1 Scat the casing on bedrock of in a firm formation to 
-event raveling of rhc borehole and lo prcvcrll !~a of 

ddling &hid. .Lcvcl the surfkm of the rock or hard fo&tion 
at lhc bQttom of tic casing when neccs%uy, u&g the 
appmpriatc bit&Casing may bc omitrcd if the borchole will 
stand open without the casing. - - _ 

6.12 Begin the core tilling u&g an N-siz doublo-tubc. 
swlvcl-type WCC ban-cl Of other size or type approved by the 
cngincer. Continue coca drilling unlit core bIocksgp oew oc 
uDti1 the-ncr length of the core barrel has be&a drilled la 
I?cmovc the core bacrd from tic hale and dlsasscmblo it as 
neceuary to l-emovc the WCG lztxkscmbIc the core bard and 
r&m it to the bolt. Rcsumc corins. . 

6.1.3 Plato the racovcrcd c&-c in the core box-with-the 
upper ($urfa&) end of the core at tic upper-left corner of the 
wrc box as desaii In 5.1. Coathuc boxing: core.~witb 
appropriate maf&gs, spacers, and blocks as desuibed in 
5.1. Wrap soR or f&M: cores or thOse which chq 
mat&ally upon drying ‘14 plastic film or ScaI in wax* or both, 
when such mtrncnt is rtquircd by thr: en&%. Ux: spaccf 
Mocks or slug properly mark& to indicate any not&&lc 
gap In zecovercd cafe which m-&t indicate a chzmgc or void 
ia tic @rmtiioa Et fhcture, bedded, or jointed pieces of 
core together as rhcy naturally occurred. 

6.1.4 Stop the core drilling when soft mat&Is arc ca- 
countend that produce less than 50 % fccovery. .If ncccuary 
secure ‘umpkr of soR materials’ in .accordancc with the 
procedures desczibed in M&hod D 1586, FractIo: D 1587, of 
Practice.D 3550, or by any other method acceptabfc to the 
geologist or ct@nter. Resume diamond core driiling when 
tefwal mat&al.s as described in 6.1 are again encountered. 

6.2 Subsutfacc structure, inChding the dip of sIrat& the 
occurrenti of scams, fissures. cavities, nnd broken areas Bn 
among tic most important ircms to be detected and db 
scribed. Take spe&.l cart to obtain. apd record information 
about these features. If conditions prevent the tintiiiucd 
advance of the core drilling, the hole should be ccmenud 
aad rcdrillcd, or named and cased. or cased sad advanccd 
with the next smaller-s’= core barref, 8s required by the 
gcdo&t or cn&ccr. 

6.3 Drilling mud or grouting techniques musf be 8p 
proved by the geotogist or cn&ccr priorfo their use in the 
boreholc. 

6.4 Compdbility of Equipmeti: 
6.4.1 Whencvcr possible, wrc bar& and drill r& 

should ix &c&cd from the same lcncr&c desig8tion IO 
cnsurc maximum cKiciency. See Tables 1 and 3. 

6.42 Never use a combination of pump. drill rod, and -- 
core &cl that yields a &a~-water up-hole velo&y of I~rr 
tli3n 120 ft/min. 

6.4.3 Ncvcr use a combination of air comprcnor, d&I 
rod, and core barrcl that yields P clear-air up-hole vclocicy d 
less than 3ooO h/min. 
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i 7.1 '%c boring log Jhdl indudc lhc following: 

; ! 7.1.i Project idcntlfication, boring numbcx, vocation, date 
%odng began, date boring complclcd, and &iUds name- 
t 7.1.2 El~~alion of the ground surface. 
’ 7.1.3 

-tbwcrl 
Elevation of or depth lo grouod water and r&&g or 

ng of lcvd induding the dates and tk Umcs mezurcd. 
i 7.1.4 Etcvations or depths at whfch &illlng.fluid rctum 
h Iost. 
i 7.15 Sizc,typc,&nddcsIgnofconb~~uscdSizc,typc, 
:ti set of core bit and earning shclI uxd. Size, ?qx, and 
ihgth of att casing u.54. Dcmipfioa of a@ m?ycmcntj of 
:3x aslag. 
. 7.1.6 Lc$$ -of each core nm and* the, length or pa- 
:katlagc, or both, OF the con rcwered. 

7.1.7 Gco!o&‘s or cngiaccfs ducription ‘of tic forma- 
it& rccoYcrcd in each run. 

7.1.8 -DriWs’ dcsciiptioo, if no cri&ccr or- gcok&t- is 
-pxwlt, or the formation l-f.covcf~ In each nm. 
; 7.13 SuMace struciurc d&ption, induding dip of 
ati and jointing, cav&s, fiisc~, and any other OW 
itions made by tic gc~logkt or cnginu~ that c&d -$dd 
~iormatioa regarding tic formation.. 

7.1.10 Rcpth. thickncs, and apparm CHWIC of Be filling 
of cm33 cavhy or soft scam cncounkrcd, includins Opinions 
g&x4 from the fd or appcaranco of the in&c at tlhe inner 
tuhc w&n cxxx ir fah Record opfaioos as such. 

7. I; I 1 Any change in the character of the drifting. fluid or 
ddUng hid tiwn. 

7.1.12 Tidal and cwrcnt information when tbc borcl~olc 

Is dlkicntly dose to a body of wa!cr to tx: aflkkxl 
T.$ 

7.1.13 DritGng time in minutes wr foot and bit prcssur~ - 
in pound-force per square inch egc when applicabk 

7. I .14 Notdons of charwtci of drilling, that k, sot?, slow, 
a.!iy, smooth, etc. 

8.1 Ihis pradIcc dots not pmducc numericaI d&a; there- 
fore, 8 precision and bii st+tcmcat h not appl’kablc. 

. 
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SAMPLING EXCERPTS FROM SW-846 METHOD 5035 



6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

Refer to the introductory material in this chapter, Organic Analytes, Sec. 4.1, for general 
sample collection information. The low concentration portion of this method employs sample vials 
that are filled and weighed in the field and never opened during the analytical process. As a result, 
sampling personnel should be equipped with a portable balance capable of weighing to 0.01 g. 

6.1 Preparation of sample vials 

The specific preparation procedures for sample vials depend on the expected concentration 
range of the sample, with separate preparation procedures for low concentration soil samples and 
high concentration soil and solid waste samples. Sample vials should be prepared in a fixed 
laboratory or other controlled environment, sealed, and shipped to the field location. Gloves should 
be worn during the preparation steps. 

6.1 .I Low concentration soil samples 

The following steps apply to the preparation of vials used in the collection of low 
concentration soil samples to be analyzed by the closed-system purge-and-trap 
equipment described in Method 5035. 

6.1 .I .I Add a clean magnetic stirring bar to each clean vial. If the purge-and- 
trap device (Sec. 4.2) employs a means of stirring the sample other than a magnetic 
stirrer (e.g., sonication or other mechanical means), then the stir bar is omitted. 

6.1 .I .2 Add preservative to each vial. The preservative is added to each vial 
prior to shipping the vial to the field. Add approximately 1 g of sodium bisulfate to each 
vial. If samples markedly smaller or larger than 5 g are to be collected, adjus.t the 
amount of preservative added to correspond to approximately 0.2 g of preservative for 
each 1 g of sample. Enough sodium bisulfate should be present to ensure a sample pH 
of 52. 

6.1 .I .3 Add 5 mL of organic-free reagent water to each vial. The water and the 
preservative will form an acid solution that will reduce or eliminate the majority elf the 
biological activity in the sample, thereby preventing biodegradation of the volatile target 
analytes. 

6.1 .I .4 Seal the vial with the screw-cap and septum seal. If the double-ended, 
fritted, vials are used, seal both ends as recommended by the manufacturer. 

6.1.1.5 Affix a label to each vial. This eliminates the need to label the vials in 
the field and assures that the tare weight of the vial includes the label. (The weight of 
any markings added to the label in the field is negligible). 

6.1.1.6 Weigh the prepared vial to the nearest 0.01 g, record the tare weight, 
and write it on the label. 

6.1.1.7 Because volatile organ& will partition into the headspace of the vial 
from the aqueous solution and will be lost when the vial is opened, surrogates, matrix 
spikes, and internal standards (if applicable) should only be added to the vials after the 
sample has been added to the vial. These standards should be introduced back in the 
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laboratory, either manually by puncturing the septum with a small-gauge needle or 
automatically by,the sample introduction system, just prior to analysis. 

6.1.2 High concentration soil samples collected without a preservative 

When high concentration samples are collected without a preservative, a variety 
of sample containers may be employed, including 60-mL glass vials with septum seals 
(see Sec. 4.4). 

6.1.3 High concentration soil samples collected and preserved in the field 

The following steps apply to the preparation of vials used in the collection of high 
concentration soil samples to be preserved in the field with methanol and analyzed by the 
aqueous purge-and-trap equipment described in Method 5030. 

6.1.3.1 Add 10 mL of methanol to each vial. 

6.1.3.2 Seal the vial with the screw-cap and septum seal. 

6.1.3.3 Affix a label to each vial. This eliminates the need to label the vials in 
the field and assures that the tare weight of the vial includes the label. (The weight of 
any markings added to the label in the field is negligible). 

6.1.3.4 Weigh the prepared vial to the nearest 0.01 g, record the tare weight, 
and write it on the label. 

NOTE. -. Vials containing methanol should be weighed a second time on the day that 
they are to be used. Vials found to have lost methanol (reduction in weight 
of >O.Ol g) should not be used for sample collection. 

6.1.3.5 Surrogates, internal standards and matrix spikes (if applicable) shlould 
be added to the sample after it is returned to the laboratory and prior to analysis. 

6.1.4 Oily waste samples 

When oily waste samples are known to be soluble in methanol or PEG, sample vials may 
be prepared as described in Sec. 6.1.3, using the appropriate solvent. However, when the 
solubility of the waste is unknown, the sample should be collected without the use of a 
preservative, in a vial such as that described in Sec. 6.1.2. 

6.2 Sample collection 

Collect the sample according to the procedures outlined in the sampling plan. As with 
any sampling procedure ‘for volatiles, care must be taken to minimize the disturbance of the 
sample in order to minimize the loss of the volatile components. Several techniques ma;y be 
used to transfer a sample to the relatively narrow opening of the low concentration soil vial. 
These include devices such as the Encore” sampler, the Purge-and-Trap Soil Sampler TM, 
and a cut plastic syringe. Always wear gloves whenever handling the tared sample vials. 

CD-ROM 5035 - 8 Revision 0 
December 1996 



6.2.1 Low concentration soil samples 

6.2.1 .I Using an appropriate sample collection device, collect approximately 5 
g of sample as soon as possible after the surface of the soil or other solid material1 has 
been exposed to the atmosphere: generally within a few minutes at most. Carefully wipe 
the exterior of the sample collection device with a clean cloth or towel. 

6.2.1.2 Using the sample collection device, add about 5 g (2 - 3 cm) of soil to 
the sample vial containing the preservative solution, Quickly brush any soil off the vial 
threads and immediately seal the vial with the septum and screw-cap. Store samples 
on ice at 4°C. 

NOTE: Soil samples that contain carbonate minerals (either from natural sources or 
applied as an amendment) may effervesce upon contact with the acidic 
preservative solution in the low concentration sample vial. If the amount of 
gas generated is very small (i.e., several mL), any loss of volatiles as a result 
of such effervescence may be minimal if the vial is sealed quickly. However, 
if larger amounts of gas are generated, not only may the sample lose a 
significant amount of analyte, but the gas pressure may shatter the vial if the 
sample vial is sealed. Therefore, when samples are known or suspected to 
contain high levels of carbonates, a test sample should be collected, added 
to a vial, and checked for effervescence. If a rapid or vigorous reaction 
occurs, discard the sample and collect low concentration samples in vials 
that do not contain the preservative solution. 

6.2.1.3 When practical, use a portable balance to weigh the sealed1 vial 
containing the sample to ensure that 5.0 i: 0.5 g of sample were added. The balance 
should be calibrated in the field using an appropriate weight for the sample containers 
employed (Sec. 4.5.5). Record the weight of the sealed vial containing the sample to the 
nearest 0.01 g. 

6.2.1.4 Alternatively, collect several trial samples with plastic syringes. Weigh 
each tital sample and note the length of the soil column in the syringe. Use these data 
to determine the length of soil in the syringe that corresponds to, 5.0 f 0.5 g. Discard 
each trial sample. 

6.2.1.5 As with the collection of aqueous samples for volatiles, collect at least 
two replicate samples. This will allow the laboratory an additional sample for reanalysis. 
The second sample should be taken from the same soil stratum or the same section of 
the solid waste being sampled, and within close proximity to the location from which the 
original sample was collected. 

6.2.1.6 In addition, since the soil vial cannot be opened without compromising 
the integrity of the sample, at least one additional aliquot of sample must be collected for 
screening, dry weight determination, and high concentration analysis (if necessary). This 
third aliquot may be collected in a 60-mL glass vial or a third 40-mL soil sample vial. 
However, this third vial must not contain the sample preservative solution, as an aliquot 
will be used to determine dry weight. If high concentration samples are collected in vials 
containing methanol, then two additional aliquots should be collected, one for high 
concentration analysis collected in a vial containing methanol, and another for the dry 
weight determination in a vial without either methanol or the low concentration aqueous 
preservative solution. 
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6.2.1.7 If samples are known or expected to contain target analytes over a wide 
range of concentrations, thereby requiring the analyses of multiple sample aliquots, it 
may be advisable and practical to take an additional sample aliquot in a low 
concentration soil vial containing the preservative, but collecting only l-2 g instead of the 
5 g collected in Sec. 62.1 .l. This aliquot may be used for those analytes that exceed 
the instrument calibration range in the 5-g analysis. 

6.2.1.8 The EnCoreTM sampler has not been thoroughly evaluated by EF’A as 
a sample storage device. While preliminary results indicate that storage in the EnCoreTM 
device may be appropriate for up to 48 hours, samples collected in this device should be 
transferred to the soil sample vials as soon as possible, or analyzed within 48 hours. 

6.2.1.9 The collection of low concentration soil samples in vials that contain 
methanol is ti appropriate for samples analyzed with the closed-system purge-and-trap 
equipment described in this method (see Sec. 6.2.2). 

6.2.2 High concentration soil samples preserved in the field 

The collection of soil samples in vials that contain methanol has been suggested by 
some as a combined preservation and extraction procedure. However, this procedure is not 
appropriate for use with the low concentration soil procedure described in this method. 

NOTE: The use of methanol preservation has not been formally evaluated by EPA and 
analysts must be aware of two potential problems. First, the use of methan’ol as 
a preservative and extraction solvent introduces a significant dilution factor that 
will raise the method quantitation limit, beyond the operating range of the low 
concentration direct purge-and-trap procedure (0.5-200 ug/kg). The exact 
dilution factor will depend on the masses of solvent and sample, but generally 
exceeds 1000, and may make it difficult to demonstrate compliance with 
regulatory limits or action levels for some analytes. Because the analytes of 
interest are volatile, the methanol extract cannot be concentrated to overcome 
the dilution problem. Thus, for samples of unknown composition, it may still be 
necessary to collect an aliquot for analysis by this closed-system procedure and 
another aliquot preserved in methanol and analyzed by other procedures. The 
second problem is that the addition of methanol to the sample is likely to cause 
the sample to fail the ignitability characteristic, thereby making the unused 
sample volume a hazardous waste. 

6.2.2.1 When samples are known to contain volatiles at concentrations high 
enough that the dilution factor will not preclude obtaining results within the calibration 
range of the appropriate determinative method, a sample may be collected and 
immediately placed in a sample vial containing purge-and-trap grade methanol. 

6.2.2.2 Using an appropriate sample collection device, collect approximately 5 
g of sample as soon as possible after the surface of the soil or other solid material has 
been exposed to the atmosphere: generally within a few minutes at most. Carefully wipe 
the exterior of the sample collection device with a clean cloth or towel. 

6.2.2.3 Using the sample collection device, add about 5 g (2 - 3 cm) of soil to 
the vial containing‘10 mL of methanol. Quickly brush any soil off the vial threads and 
immediately seal the vial with the septum and screw-cap. Store samples on ice at 4°C. 
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6.2.2.4 When practical, use a portable balance to weigh the sealed vial 
containing the sample to ensure that 5.0 +- 0.5 g of sample were added. The balance 
should be calibrated in the field using an appropriate weight for the sample containers 
employed (Sec. 4.5.5). Record the weight of the sealed vial containing the sample to the 
nearest 0.01 g. 

6.2.2.5 Alternatively, collect several trial samples with plastic syringes. Weigh 
each trial sample and note the length of the soil column in the syringe. Use these data 
to determine the length of soil in the syringe that corresponds to 5.0 + 0.5 g. Discard 
each trial sample. 

6.2.2.6 Other sample weights and volumes of methanol may be employed, 
provided that the analyst can demonstrate that the sensitivity of the overall analytical 
procedure is appropriate for the intended application. 

6.2.2.7 The collection of at least one additional sample aliquot is required for 
the determination of the dry weight, as described in Sec. 6.2.1.6. Samples collected in 
methanol should be shipped as described in Sec. 6.3, and must be clearly labeled as 
containing methanol, so that the samples are not analyzed using the closed-system 
purge-and-trap equipment described in this procedure. 

6.2.3 High concentration soil sample not preserved in the field 

The collection of high concentration soil samples that are not preserved in the 
field generally follows similar procedures as for the other types of samples described in 
Sets. 6.2.1 and 6.2.2, with the obvious exception that the sample vials contain neither 
the aqueous preservative solution nor methanol. However, when field preservation jls not 
employed, it is better to collect a larger volume sample, filling the sample container as 
full as practical in’ order to minimize the headspace. Such collection procedures 
generally do not require the collection of a separate aliquot for dry weight determination, 
but it may be advisable to collect a second sample aliquot for screening purposes, in 
order to minimize the loss of volatiles in either aliquot. 

6.2.4 Oily waste samples 

The collection procedures for oily samples depend on knowledge of the waste 
and its solubility in methanol or other solvents. 

6.2.4.1 When an oily waste is known to be soluble in methanol or PEG, the 
sample may be collected in a vial containing such a solvent (see Sec. 6.1.4), using 
procedures similar to those described in Sec. 6.2.2. 

6.2.4.2 When the solubility of the oily waste is not known, the sample should 
either be collected in a vial without a preservative, as described in.Sec. 6.2.3, or the 
solubility of a trial sample should be tested in the field, using a vial containing soLent. 
If the trial sample is soluble in the solvent, then collect the oily waste sample as 
described in Sec. 6.2.2. Otherwise, collect an unpreserved sample as described in Sec. 
6.2.3. 
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6.3 Sample handling and shipment 

All samples for volatiles analysis should be cooled to approximately 4X, packed in 
appropriate containers, and shipped to the laboratory on ice, as described in the sampling plan. 

6.4 Sample storage 

6.4.1 Once in the laboratory, store samples at 4°C until analysis. The sample storage 
area should be free of organic solvent vapors. 

6.4.2 All samples should be analyzed as soon as practical, and within the designated 
holding time from collection. Samples not analyzed within the designated holding time must 
be noted and the data are considered minimum values. 

6.4.3 When the low concentration samples are strongly alkaline or highly calcareous 
in nature, the sodium bisulfate preservative solution may not be strong enough to reduce the 
pH of the soil/water solution to below 2. Therefore, when low concentration soils to be 
sampled are known or suspected to be strongly alkaline or highly calcareous, additional steps 
may be required to preserve the samples. Such steps include: addition of larger amounts of 
the sodium bisulfate preservative to non-calcareous samples, storage of low concentration 
samples at -10°C (taking care not to fill the vials so full that the expansion of the water i,n the 
vial breaks the vial), or significantly reducing the maximum holding time for low concentration 
soil samples. Whichever steps are employed, they should be clearly described in the sampling 
and QA project plans and distributed to both the field and laboratory personnel. See Sec. 
6.2.1.2 for additional information. 
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GROUNDWATER SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this guideline is to provide general reference information on the sampling of groundwater 
wells. The methods and equipment described are for the collection of water samples from the saturat’ed zone 
of the subsurface. 

2.0 SCOPE 

This guideline provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling effort 
by describing standard sampling techniques. The techniques described should be followed whenever 
applicable, noting that site-specific conditions or project-specific plans may require adjustments in methods. 

3.0 DEFINITIONS 

None. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation of procedures which deviate frolm those 
presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific 
groundwater sampling techniques and equipment to be used, and documenting these in accordance with the 
Sampling and Analysis Plan. It is the responsibility ofthe Field Team Leader to ensure that these procedures 
are implemented in the field and that personnel performing sampling activities have been briefed and trained 
to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these procedures, or 
to follow documented, project-specific procedures as directed by the Field Team Leader and the Project 
Manager. The sampling personnel are responsible for the proper acquisition of groundwater samples. 

5.0 PROCEDURES 

To be useful and accurate, a groundwater sample must be representative ofthe particular zone being sampled. 
The physical, chemical, and bacteriological integrity of the sample must be maintained from the time of 
sampling to the time of testing in order to minimize any changes in water quality parameters. 

.,,._ 
The groundwater sampling program should be developed with reference to ASTM D4448-85A, Standard 
Guide for Sampling Groundwater Monitoring Wells (Attachment A). This reference is not intended as a 
monitoring plan or procedure for a specific application, but rather is a review of methods. Specific rnethods 
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shall be stated in the Sampling and Analysis Plan (SAP). Also refer to Attachment B which is ASTM 
D6001-96, Standard Guide for Direct-Push Water Sampling for Geoenvironmental Investigations. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, bailers, 
and various types of samplers. The primary considerations in obtaining a representative sample of the 
groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or chemical 
alteration of the water due to sampling techniques. In a non-pumping well, there will be little or no vertical 
mixing of water in the well pipe or casing, and stratification will occur. The well water in the screened 
section will mix with the groundwater due to normal flow patterns, but the well water above the screened 
section will remain largely isolated and become stagnant. To safeguard against collecting non-representative 
stagnant water in a sample, the following approach should be followed during sample withdrawal: 

1. All monitoring wells shall be pumped or bailed prior to withdrawing a sample. Evacuation 
of three to five volumes is recommended for a representative sample. 

2. Wells that can be pumped or bailed to dryness with the sampling equipment being used, 
shall be evacuated and allowed to recover prior to sample withdrawal. If the recovery rate 
is fairly rapid and time allows, evacuation of at least three well volumes of water is 
preferred; otherwise, a sample will be taken when enough water is available to fill the 
sample containers. 

Stratification of contaminants may exist in the aquifer formation. This is from concentration gradients due 
to dispersion and diffusion processes in a homogeneous layer, and from separation of flow streams by 
physical division (for example, around clay lenses) or by contrasts in permeability (for example, between 
a layer of silty, fine sand and a layer of medium sand). 

Purging rates and volumes for non-production wells during sampling development should be moderate; 
pumping rates for production wells should be maintained at the rate normal for that well. Excessive pumping 
can dilute or increase the contaminant concentrations in the recovered sample compared to what is 
representative of the integrated water column at that point, thus result in the collection of a non- 
representative sample. Water produced during purging shall be collected, stored or treated and discharged 
as allowed. Disposition of purge water is usually site-specific and must be addressed in the Sampling and 
Analysis Plan. 

5.1 Sampling. Monitorinp. and Evacuation Equipment 

Sample containers shall conform with EPA regulations for the appropriate contaminants and to the rspecific 
Quality Assurance Project Plan. 

The following list is an example of the type of equipment that generally must be on hand when sampling 
groundwater wells: 

1. Sample packaging and shipping equipment: Coolers for sample shipping and cooling, 
chemical preservatives, and appropriate packing cartons and filler, labels and chain-of- 
custody documents. 
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2. Field tools and instrumentation: PID; Thermometer; pH meter; turbidity meter; specific 
conductivity meter; appropriate keys (for locked wells) or bolt-cutter; tape measure; plastic 
sheeting; water-level indicator; calibrated buckets and, where applicable, flow meter. 

3. Pumps 

a. Shallow-well pumps: Centrifugal, Packer Pumps, pitcher, suction, or peristaltic 
pumps with droplines, air-lift apparatus (compressor and tubing), as applicable. 

b. Deep-well pumps: Submersible pump and electrical power generating unit, bladder 
pump with compressed air source, or air-lift apparatus, as applicable. 

4. Tubing: Sample tubing such as teflon, polyethylene, polypropylene, or PVC. Tubing type 
shall be selected based on specific site requirements and must be chemically inert to the 
groundwater being sampled. 

5. Other Sampling Equipment: Bailers, teflon-coated wire, stainless steel single strand wire, 
and polypropylene monofilament line (not acceptable in EPA Region I) with tripod-pulley 
assembly (if necessary). 

6. Pails: Plastic, graduated. 

7. Decontamination equipment and materials: discussed in SOP F501 and F502. 

Ideally, sample withdrawal equipment should be completely inert, economical, easily cleaned, sterilized, and 
reusable, able to operate at remote sites in the absence of power sources, and capable of delivering variable 
rates for well purging and sample collection. 

5.2 Calculations of Well Volume for Purping 

To insure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to determine the volume of standing water in the well pipe or casing. The volume can be easily 
calculated by the following method. Calculations shall be entered in the field logbook: 

1. Obtain all available information on well construction (location, casing, screens, etc.). 

2. Determine inside diameter of well or casing (D). 

3. Measure and record static water level (DW-depth to water below ground level or top of 
casing reference point) to the nearest O.Ol-foot, using one of the methods described in 
Section 5.1 of SOP F202. 

4. Determine the depth of the well (TD) to the nearest O.Ol-foot by sounding using a clean, 
decontaminated weighted tape measure, referenced to the top of PVC casing or ground 
surface. 
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5. Calculate the volume of water in the casing: 

V, =y (TD - DW) 

V,, = V, x 7.48 gallons/ft3 

Where: 

V,=Volume of water standing in well in cubic feet (i.e., one well volume) 
n=pi, 3.14 
D=Inside diameter of well, in feet 
TD=Total depth of well in feet (below ground surface or top of casing) 
DW=Depth to water in feet (below ground surface or top of casing) 

6. Calculate the minimum number of gallons to be evacuated before sampling. (Note: VpUrgEe 
should be rounded to the next highest whole gallon. For example, 7.2 gallons should be 
rounded to 8 gallons.) 

V puge = Vgal ( # Well Vol) 

Where: 

V gal =Volume of water in well in gallons 
V = 
# ‘$;I1 Vol. 

Volume of water to be purged from well in gallons 
= Number of well volumes of water to be purged from the well (typically 

three to five) 

Table 5-I lists gallons and cubic feet of water per standing foot of water for a variety of well diameters. 

TABLE 5-l 
WELL VOLUMES 
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5.3 Evacuation of Static Water (Puwing) 

The amount of purging a well should receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large vollume of 
that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a composite 
of a known volume of the aquifer. 

For defining a contaminant plume, a representative sample of only a small volume ofthe aquifer is required. 
These circumstances require that the well be pumped enough to remove the stagnant water but not enough 
to induce significant groundwater flow from a wide area. Generally, three to five well volurnes are 
considered effective for purging a well. 

An alternative method of purging a well, and one accepted in EPA Regions I and IV, is to purge a well 
continuously (usually using a low volume, low flow pump) while monitoring specific conductance, pH, 
turbidity, and water temperature until the values stabilize. Values are considered to have stabilized when 
deviation is less than 10 percent of the mean. The well is considered properly purged when the values have 
stabilized. 

. . 
If a well is dewatered before the required volume is purged, the sample should be collected from the well 
once as a sufficient volume of water has entered the well. In order to avoid stagnation, the well should not 
be allowed to fully recharge before the sample is collected. The field parameters (pH, conductance, and 
temperature) should be recorded when the well was dewatered. 

The Project Manager shall define the objectives of the groundwater sampling program in the Sampling and 
Analysis Plan, and provide appropriate criteria and guidance to the sampling personnel on the proper 
methods and volumes of well purging. 

5.3.1 Evacuation Devices 

The following discussion is limited to those devices which are commonly used at hazardous waste sites. 
Note that all of these techniques involve equipment which is portable and readily available. 

Bailers - Bailers are the simplest evacuation devices used and have many advantages. They 
generally consist of a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful 
and favored, with a ball check-valve at the bottom. An inert line (e.g., Teflon-coated) is used to 
lower the bailer and retrieve the sample. 
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Advantages of bailers include: 

0 Few limitations on size and materials used for bailers. 
0 No external power source needed. 
0 Inexpensive. 
0 Minimal outgassing of volatile organics while the sample is in the bailer. 
0 Relatively easy to decontaminate and use. 

Limitations on the use of bailers include the following: 

0 Limited volume of sample. 
0 Time consuming to remove stagnant water using a bailer. 
0 Collection and transfer of sample may cause aeration. 
l Use of bailers is physically demanding, especially in warm temperatures at 

protection levels above Level D. 
0 Unable to collect depth-discrete sample. 

Suction Pumps - There are many different types of inexpensive suction pumps including centrifugal, 
diaphragm, peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well 
evacuation at a fast pumping rate and for sampling at a low pumping rate. The peristaltic pump is 
a low volume pump (generally not suitable for well purging) that uses rollers to squeeze a flexible 
tubing, thereby creating suction. This tubing can be dedicated to a well to prevent cross 
contamination. The pitcher pump is a common farm hand-pump. 

Advantages of suction pumps include: 

0 Few limitations with regards to well diameter 
0 Inexpensive 
0 Portable 
0 Readily available 
0 Tubing can be dedicated or easily decontaminated 

Limitations on the use of suction pumps include the following: 

0 External power source 
0 Vacuum will cause loss of dissolved gas, including volatile organics 
0 Restricted to areas with water levels within 10 to 25 feet of the ground su.rface 
0 Internal components of the pumps may be difficult to decontaminate 

Gas-Lift Samples - This group of samplers uses gas pressure either in the annulus of the well or in 
a venturi to force the water up a sampling tube. These pumps are also relatively inexpensive. Gas 
lift pumps are more suitable for well development than for sampling because the samples may be 
aerated, leading to pH changes and subsequent trace metal precipitation or loss of volatile organics. 
An inert gas such as nitrogen is generally used as a gas source. 
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Submersible Pumps - Submersible pumps take in water and push the sample up a sample tube to the 
surface. The power sources for these samplers may be compressed air or electricity. The operation 
principles vary and the displacement of the sample can be by an inflatable bladder, sliding piston, 
gas bubble, or impeller. Pumps are available for two-inch diameter wells and larger. These pumps 
can lift water from considerable depths (several hundred feet). 

Limitations of this class of pumps include: 

0 Potentially low delivery rates. 
0 Many models of these pumps are expensive. 
0 Compressed gas or electric power is needed. 
0 Sediment in water may cause clogging of the valves or eroding the impelle:rs with 

some of these pumps. 
0 Decontamination of internal components is difficult and time-consuming. 

5.4 Sampling 

The sampling approach consisting of the following, should be developed as part of the Sampling and 
Analysis Plan prior to the field work: 

1. 
2. 
3. 

4. 
5. 

6. 
7. 
8. 
9. 

Background and objectives of sampling. 
Brief description of area and waste characterization. 
Identification of sampling locations, with map or sketch, and applicable well construction 
data (well size, depth, screened interval, reference elevation). 
Sampling equipment to be used. 
Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these should be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 
Sample preservation requirements. 
Schedule. 
List of team members. 
Other information, such as the necessity for a warrant or permission of entry, requirement 
for split samples, access problems, location of keys, etc. 

5.4.1 Sampling Methods 

The collection of a groundwater sample includes the following steps: 

1. First open the well cap and use volatile organic detection equipment (HNu or OVA:) on the 
escaping gases at the well head to determine the need for respiratory protection. Tlhis task 
is usually performed by the Field Team Leader, Health and Safety Officer, or other 
designee. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. Add preservative if required (see SOP F301). Label, tag, and number the sample bottle(s). 

When proper respiratory protection has been donned, measure the total depth and water 
level (with decontaminated equipment) and record these data in the field logbook. Calculate 
the fluid volume in the well according to Section 5.2 of this SOP. 

Lower purging equipment or intake into the well to a distance just below the water Ie:vel and 
begin water removal. Collect the purged water and dispose of it in an acceptable Imanner 
(e.g., DOT-approved 55-gallon drum). 

Measure the rate of discharge frequently. A bucket and stopwatch are most commonlly used; 
other techniques include using pipe trajectory methods, weir boxes or flow meters. Record 
the method of discharge measurement. 

Observe peristaltic pump intake for degassing “bubbles” and all pump discharge hnes. If 
bubbles are abundant and the intake is fully submerged, this pump is not suitalble for 
collecting samples for volatile organics. The preferred method for collecting .voIatiIe 
organic samples and the accepted method by EPA Regions I through IV is with a bailer. 

Purge a minimum of three to five well volumes before sampling. In low permeability strata 
(i.e., if the well is pumped to dryness), one volume will suffice. Allow the well to recharge 
as necessary, but preferably to 70 percent of the static water level, and then sample. 

Record measurements of specific conductance, temperature, pH, and turbidity during 
purging to ensure that the groundwater level has stabilized. Generally, these measurements 
are made after the removal of three, four, and five well volumes. 

If sampling using a pump, lower the pump intake to midscreen or the middle of the open 
section in uncased wells and collect the sample. If sampling with a bailer, lower the bailer 
to the sampling level before filling (this requires use of other than a “bucket-type” bailer). 
Purged water should be collected in a designated container and disposed of in an acceptable 
manner. 

(For pump and packer assembly only). Lower assembly into well so that packer is 
positioned just above the screen or open section and inflate. Purge a volume equal to at least 
twice the screened interval or unscreened open section volume below the packer before 
sampling. Packers should always be tested in a casing section above ground to determine 
proper inflation pressures for good sealing. 

In the event that groundwater recovery time is very slow (e.g., 24 hours), sample collection 
can be delayed until the following day. However, it is preferred that such a well be bailed 
early in the morning so that sufficient volume of water may be standing in the well by the 
day’s end to permit sample collection. If the well is incapable of producing a sufficient 
volume of sample at any time, take the largest quantity available and record in the logbook. 
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12. Volatile organics septum vials (40 ml) should be completely filled to prevent volatilization 
and extreme caution should be exercised when filling a vial to avoid turbulence whiclh could 
also produce volatilization. The sample should be carefully poured down the side ofthe vial 
to minimize turbulence. As a rule, it is best to gently pour the last few drops into the vial 
so that surface tension holds the water in a “convex meniscus.” The cap is then applied and 
some overflow is lost, but air space in the bottle is eliminated. After capping, turn the bottle 
over and tap it to check for bubbles; if any are present, repeat the procedure. If the second 
attempt still produces air bubbles, note on Chain-of-Custody form and in field notebook and 
submit sample to the laboratory. 

Fill the remaining sample containers in order of decreasing volatilability (semi-volatiles 
next, then pesticides, PCBs, inorganics, etc.). 

13. Replace the well cap. Make sure the well is readily identifiable as the source ofthe samples. 

14. Pack the samples for shipping (see SOP F301). Attach custody seals to the shipping 
container. Make sure that Chain-of-Custody forms and Sample Analysis Request forms are 
properly filled out and enclosed or attached (see SOP F302). 

15. Decontaminate all equipment. 

5.4.2 Sample Containers 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. SOP F30 1 
describes the required sampling containers for various analytes at various concentrations. Container 
requirements shall follow those given in USEPA Standard Operating Procedures and Qualitv Assurance 
Manual (USEPA, 1991) and SOP F301. 

5.4.3 Preservation of Samples and Sample Volume Requirements 

Sample preservation techniques and volume requirements depend on the type and concentration of the 
contaminant and on the type of analysis to be performed. SOP F301 describes the sample preservation and 
volume requirements for most of the chemicals that will be encountered during hazardous waste site 
investigations. Sample volume and preservation requirements shall follow those given in USEPA, 19’91, and 
SOP F301. 

5.4.4 Field Filtration 

In general, preparation and preservation of water samples for dissolved inorganics involve some form of 
filtration. AI1 samples will be filtered in the field the same day as collection. The recommended me:thod is 
through the use of a disposable in-line filtration module (0.45 micron filter) utilizing the pressure provided 
by the upstream pumping device for its operation. 

H U6OOAl81 Phase\DocControl_Secrelariej\ProjectPlans\FEapDRi\FTFINLWppmdix Bl.wpd 
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Filtration and preservation are to occur in the field on the same day as collected with the sample (aliquot 
passing through a dedicated disposable 0.45 micron filter. Samples for organic analyses shall never be 
filtered. 

5.4.5 Handling and Transporting Samples 

After collection, samples should be handled as little as possible. It is preferable to use self-contained 
“chemical” ice (e.g., “blue ice”) to reduce the risk of contamination. Ifwater ice is used, it should be double- 
bagged and steps taken to ensure that the melted ice does not cause sample containers to be submerged and, 
thus, possibly become cross-contaminated. All sample containers should be enclosed in plastic bags or cans 
to prevent cross-contamination. Samples should be secured in the ice chest to prevent movement of lsample 
containers and possible breakage. Sample packing and transportation requirements are described in SOP 
F301. 

5.4.6 Sample Holding Times 

Holding times (i.e., allowed time between sample collection and analysis) for routine samples are given in 
USEPA, 1991, and SOP F301. 

..,,, 6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each sample that is collected. The following information 
will be recorded in the Field Logbook: 

0 Sample identification (site name, location, project no.; sample name/number and location; 
sample type and matrix; time and date; sampler’s identity). 

0 Sample source and source description. 
0 Field observations and measurements (appearance; volatile screening; field chemistry; 

sampling method; volume of water purged prior to sampling; number of well volumes 
purged). 

0 Sample disposition (preservatives added; lab sent to; date and time). 
0 Additional remarks, as appropriate. 

Proper chain-of-custody procedures play a crucial role in data gathering. SOP F302 describes the 
requirements for correctly completing a chain-of-custody form. Chain-of-custody forms (and sample analysis 
request forms) are considered quality assurance records. 

7.0 REFERENCES 

American Society of Testing and Materials. 1987. Standard Guide for Sampling Groundwater Monitoring 
Wells. Method D4448-85A, Annual Book of Standards, ASTM, Philadelphia, Pennsylvania. 
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1. scope 

1. I This guide covers procedures for obtaining valid, 
representative samples from groundwater monitoring wells. 
The scope is limited to sampling and “in the field” prescrva- 
tioa and does not include well location, depth, well dcvcIop- 
mcnt, design and constn@on, screening, or analytic4 
proaxiures. 

1.2 This guide is only intended to provide a review of 
many of the most commonly used methods for sampling 
groundwater quality monitoring wells and is not intended to 
serve as a groundwater monitoring plan for any spc&ic 
application. Ekxausc of the Iarge and ever increasing number 
of options available, no single guide can lx vicwcd as 
comprehensive. The practitioner must make cvcry effort to 
ensure that the methods used, whether or not they arc 
addressed in this guide, arc adequate to satisfy the moni- 
toring objectives at each site. 

I .3 This standard may involve hazardous materials. oper- 
ations, and equipment. Thti standard does not purport to 
address ail ofthe safkty problems associated with its use. It is 
the responsibility of whoever uws this standard to consult and 
establish appropriate safety and heaith practice;r and deter- 
mine the applicability of regulatory limitations prior to use. 

2. Summary of Guide 
2.1 The equipment and procedures used for sampling a 

monitoring well depend on many factors. These include, but 
are not limited to, the design and construction of the well, 
rate of groundwater flow, and the chemical species of 
interest Sampling procedures will be difkrent if analyring 
for trace organ&, volatilcs, oxidizable species, or trace 
metals is needed. This guide considers ail of these factors by 
discussing equipment and procedure options at each stage of 
the sampling sequence. For case of organization, the sam- 
pIing process can be divided into three stcpsz wcIl flushing, 
sample withdrati-and field preparation of samples. 

2.2 Monitoring wells must bc kshed prior to sampling so 
that the groundwater is sampled, not the stagnant water in 
the well casing. If the well easing can be cmptiad, this may be 
done although it may be ncccsszy to avoid oxygen contact 
with the groundwater. If the well cannot be emptied, 
procedures must be established to demonstrate that the 

- sample represents groundwater. Monitoring an indicative 
parameter such as pH during flushing is desirable if such a 
parameter can be identified. 

’ This 6&-c is unda the jurisdiction of A!Xh4 Commitwe D-34 on Waste 

Dim and is the dirca raponsibility of Subwmmictcc D34.0 I 011 Sampling and 

Monitoring. 

Cmrnf edition appmvcd AUK 23 and Oa. 25. 1985. Fublishdd May 1986. 

. 2.3 The trpcs of spacia that act to bc monitor& a well as 
the concentration 1CvClS a prime facto= for xl&ng 
sampling dcviocs (I, 2).2 The sampling devie and d 
materials and devices the water contacts must bc construct& 
of materials that wiII not intro&xx contaminants or ahcr the 
analytc chcmicahy in any way. 

2.4 The method of sample withdrawal can vary with the 
paramctcrs of intcnst The idcal sampiling ticme would 
employ a compktdy incft mate&J would not sub&t tic 
sample to ncgativc ptxssurc and onIy modctatc positive 
pns~urc, would not CX~OSC the sample to the atmosphere, or 
preferably, any other ~XKU atmosphcrc befon conveying it 
to the sample container or flow cell for on-site analysis. 

2.5 221~ dcgrcc and type of effort and czuc that goes into a 
sampling program is always dependent on the chemical 
spexics of intcrest and the concentration EcvcIs of interest As 
the concentration Icvel of the ohemieal s~pecies of analytical 
interest decmaxs, the work’and pnxautions ncoxary for 
sampling arc incmased. Therefore, the sampling objective 
must olcarly bc defined ahead of time. For example, to 
prepare equipment for sampling for mgJL (ppm) IeveIs of 
Total Organic Carbon (TOG) in water is about an order of 
magnitude easier than pmparing to sample for pg/L (ppb) 
levels of a trace organic like bctmznc Tik specific pnxau- 
tions to bc taken in preparing to sample for tracz organ& arc 
different fkom those to be takes3 in sampling for trace metals. 
No final Environmental Protection Agency @PA) protocol is 
avaiIablc for sampling of trace organ& A short guidance 
manual, (3) and an EPA document (4) conaxning moni- 
toring well sampling., inciuding considerations for trace 
organ& are available. 

2.6 Cart must be taken not to cross contaminate samples 
or monitoring wells with sampling or pumping devices or 
materials AU samples, sampling devices, and containers 
must be protected from the environment. when not in use. 
Water level mcasurcmcnts ShotrId be made bcforc the well is 
flush&L Oxidation-reduction potenti& pH, dissolved OX- 
ygcn, and tcmpcratnrc measurements and filtration should 
all bc pcrformd on the sample in the field, if possible. All 
but tcmpcratttm mcasumment must bc done prior to mY 
significant atmospheric exposure, if possible. 

2.7 TIE spring pn>ccdurcs must be wti planned and a 
sampk containers must bc przpamd and lab&d prior to 
going to the field. 

3. Significance and Use 
3.1 The quality of groundwater has bwmc an issue of 

national concern. Groundwater monitoring wells are one of 

I 
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. the more important .tools for evaluating the quality’ of 
groundwater, delineating contamination plumes, and cstab- 
lishing the. integrity of hazardous mate&I management 
facilities. 

3.2 The goal in sampling groundwater monitoring wells is 
to obtain samples that are truly representative of the aquifer 
or groundwater in question. This guide dkusses the advan- 
tages and disadvantages of various well flushing, sample 
withdrawal, and sample preservation techniques It reviews 
the parameters that need to be considered in developing a 
valid sampIing plan. 

4. Well FIushhrg (Purgi@ 

, ._ 

4.1 Water that stands within a monitoring well for a long 
period of time may become unrepresentative of formation 
water because chemical or biochemical change may cause 
water quality alterations and even if it is unchanged from the 
time it entered the well, the stored water may not be 
representative of formation water at the time of sampling, or 
both Because the reptescntativeness of stored water is 
questionabk, it should be excluded from samples eolkctcd 
from a monitoring welL 

4.2 The surest way of accomplishing this objective is to 
rimovc all stored water from the casing prior to sampling. 
Rescareh with a tracer in a full scale model 2 in. PVC we11 (5) 
indicates that pumping 5 to IO’times the volume of the weU 
via an inlet near the free water surface is sufkicnt to remove 
all the stored water in the easing The volume of the well may 

be calculated to inelude the well oxen and any gravel pack 
if natnral flow through these is deemed insufficient to keep 
them flushed out. 

43 In deep o’r large diameter wells haviw a volume of 
water so large as to make removal of all the water imprac- 
tieal, it may be feasible to lower a pump or pump ‘Xct to 
some point well below tic water surExe, purge only the 
volume below that point then withdraw the sample from a 
deeper level, Rescareh indicates this approach should avoid 
most contamination associated with-stored water (5, 6,7). 
Sating the casing above the purge point with a pa&r may 
make this approach more dcpendablc by preventing migra- 
tion of stoned water from above. But the packer must be 
above the top of the screened zone, or stagnant water from 
above the packer will flow into the purged xme through the 
well’s gravel&and pack. 

4.4 in low yielding we& the only practical way to nmovc 
all standing water may be to empty the casing. Since it is not 
always possible to remove all water, it may be advisable to I-et 
the well recover (refill) and empty it again at kast Onct. If 
introduction of oxygen into the aquifer may bc of con=3 it 
would be best not to uncover the semen when performing the 
above procadu~~. The main dkadvantagc of methods de- 
signed to remove all the stored water is that large volumes 
may aced to & pumped in certain instances. The ma;, 
advantage is that the potential for contamilnation of sampl 
with stored water is miriimized. 

2 
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4.5 Another approach to wdl fhrshing is to monitor one 
or more indicator parameters such as pH, icmpcraturq or 
conductivity and consider the well to be 5ushcd when the 
indicator(s) no longer change The advantage of this method 
is that pumping can be done fkm any Iocation within the 
casing and the volume of stored water present has no direct 
bearing on the volume of Xvater that must bc pympcd 
Obviously, in a low yielding well, the well may be emptied 
before the parameters stabilize. A disadvantage of this 
approach is that there is no assurance in all situations that 
the stabii paramctcrs represent formation water. Ifsignif- 
icant drawdown has cxcur&, water from some c&tan= 
away may be pulled into the semen Causing a steady 
parameter reading but not a rcpmsentativc mading. Also, a 
suitable indicator parameter and means of continuously 
measuring it in the fic3d must be available. 

4.6 Gibb (4,s) has dcscrii a time-drawdown approach 
using a knowk&e of the well hydrauiies to predict the 
pctcentage of stomd water entering a pump inlet near the top 
of the screen at any time after flushing begins. Samples are 
taken when the percentage is acceptably low. As before, the 
advantage is that well volume has no dirazt e52ct in the 
duration of pumping. A current knowkdge of the well’s 
hydraulic characteristics is necessary to employ this ap- 
proach. Downward migration of stored water due to efkcts 
other than drawdown (for example density di52renees) is not 
accounted for in this approach. 

4.7 In any flushing approach, a withdrawal rate that 
minimizes dmwdown while satisfying time oonstmints 
should bc used JZxeessive drawdown distorts the natural 5ow 
patterns around a well and can cause cootaminany that were 
not pnscnt originally to bc drawn into the well. 

5. Matetigls and Manufacture 
5.1 The choice of materials us& in the construction of 

~amplhg dcviccs should be based upon a knowledge of what 
compounds may be present in the sampling environment 
and how the sample materials may interaot via Ieaehing, 
adsorption, or cala.Iysis. In some situations, PVC or some 
other plastic may be .sufEcicnt. In others, 2n all glass 
apparatus mybe =-uy. 

52 Most analytical protocols suggest that the deviccv used 
in sampling and storing samples for trace organ& analysis 
@g/L Ievck) must be eonstrUed of glass or 
TFS5uorocarbon resin, or both. One suggestion advanced 
by the EPA is that the monitoring well be constructed so that 
only TFE-5uomcarbon tubii bc used in Ithat portion of the 
sampling weil that cxtcnds from a few fcc:t above the water 
table to the bottom of the borehole. (3,s) Although this type 
of well easing is now eomme&Uy aklabk, PVC well 
casings are currently the most popular. If adhesives are 
avoided, PVC we.5 casings are acecptabk in many cases 
although their nsc may s&l lead to s&ae proMems if trace 
organics are of concern. At present, the type of background 
present4 by PVC and intetaotions~oocnnring between PVC 
and groundwatcr are not well undemtood. ‘Tin, in the form of 
an organotin stabilizer added to PVC, may enter samples 
taken from PVC casing. (9) 

5.3 Since the most sign&ant problem encountered in 
lx-ace organics sampling, results from the use of PVC 
adhesives in monitoring WCU camuction, threaded joints 
might avoid the problem (3.5). Mill&am per Iitre (parts per 
million) levels of Compounds such as tctrahydrofuran. 
mcthylcthyl-ketone. and toluene are found to Ieaeh into 

3 



; . 

: 
i 
. 

. I 

FIG 2 Acr@c P&t Source EMfer 

_. . . 
. ..s groundwater samples From monitoring weh casings sealed 

with PVC solvent cement. Pollutant phthalate esters (8, IO) 
arc ofkn found in water samples at ppb lcvek the EPA has 
found them on occasion at ppm levels in their samples. The 
ubiquitous presence of these phthalate esters is unexplained 
except to say that they may be leached from plastic pipes, 
sampling dcviees, and containen. 

-. 

5.4 TFE-fluorocarbon resins are highly inert tid have 
sufficient mechanical strength to permit fabrication of sam- 
pling devices and well casings. Molded parts are exposed to 
high temperature during fabrication which destroys any 
organii: contaminants. The evolution of fluorinated eom- 
pounds can occur during fabrication, will oease rapidly, and 
does not occur afterwards unless the resin is heated to its 
melting point 

5.5 Extruded tubing of TFE-lluoroearbon for sampling 
may contain surface traa3 of an organic solvent extrusion 
aid. This can be-removed easily by the fabricator and, onec 

. . 

removed by flushing, should not_afTect the sample. TFE- 
fluorocarbon FEP and TFE-fluorocarbon PFA resins do not 

. require this extrusion aid and may be suitable for sample 
tubing as welL Unsintcred thread-sealant tape of TFE- 
fluorocarbon is available in an “oxygen r&ce” grade and 
contains no extrusion aid and lubricant. 

5.6 Louneman, et aL (1 I) alludes to problems caused by a 
lubricating oil used during -WE-fluorocarbon tubing extnx- 
sion. This refcrcncc also presents evidence: that a fluorinated 
cthylene-propylcne copolymer adsorbed acetone to a degree 
that later caused contamination of a gas sample. 

5.7 Glass and stainless steel am two other materials 
generally considered inert in aqueous environments. Glass is 
probably among the best choices though it is not inconceiv- 
able it could adsorb some constituents as we!l as r&ase other 
contaminants (for cxamplc, Na, silicate, and PC). Of cow 
glass sampling equipment must be haadkd carefully in 
field. Stainless steel is strongly and easily machined io 
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fabricate equipment. Unfortunately, it is not totally immune 
to corrosion that could r&ase metallic contaminants. Stain- 
Ias std contains various alloying metals, some of these (for 

: example Ni) arc commonly used as catalysts for various 
_. reactions. The aitoycd constituents of some stainless steels . can be solubii by the pitting action of nonoxidizing 

. anions such as chioridc, fluoride, and in some instances 
sulfate, over a range of pH coaditiods. Aluminum, titanium, 
polyctbylcnc, and other corrosion rixistant materials bavc 
been proposed by some as acccptabIc materials, depending 
on groundwatcr quality and the constituents of interest. 

5.8 Whcrc temporarily installed sampling equipment is 
used, the sampling dcvioz that is chosen should bc non- 
plastic (unless TFMluorocarbon), clcanablc of tract or- 
ganics, and must bc cleanad bctwcen each monitoring wdl 
use in order to avoid crosscontamination of w&s and 
samples. The only way to cmurc that. tbc device is indeed 
“&an” and acxxptablc is to analyze laboratory water blanks 
and field water bLa& that have been soaked in and passed 
through the sampling device to check for the background 
lcvcls that may result ftom the sampling materials or f?om 
&Id conditions. Thus, all samplings for tmce materials 
shouId bc accompanied by samples which represent the field 
background (if possible), tbc sampling equipment back- 
ground, and tbc laboratory background. 

5.9 Additional samples arc oficn taken in the field and 
spiked (spiked-ficld sampfcs) in order to vcri& that the 
sample handling proccdurcs arc valid. The American Chcm- 

ical society’s committee on cnvimnmc&al improvcmcnt 
published guidclincs for data acqnisition &d data evaluar 
which should be us&! io such cnvir&mcntaI cval&ii 
(10,IZ). 

6. Sampling Equipment 
6.1 There is a fairly large choice of cquipmcnt prese 

avaiiablc for groundwater sampling tirn single ~CIXX 
wds and well dusters. Tbc sampling dcviazs can be CII 
rid into the foUowing eight basic typzs. 

6.1. I Down-Hole Coiiecffon Devices: 
6.1.1.1 Bailers, mcsscngcr ba&z, or thief samplers 

14) arc exampIes of down-hole dcviccs that probably prc 
valid samples once the well has b&n flushed. Tbcy arc 
practicaI for rcmoval of large volumes of water. 1 
devices can bc constru~cd in various shapes and sizes fr 
variety of materials. They do not subject the samp 
pnssurc extremes. 

6.1.12 Ekilct-s do cxposc part of tic sample tc 
atmosphen during witbdrawzl. EIailcrx used for sampfi 
volatile organic compounds sbotiid have a sample CC 
draft valve in or near the bottom of tic sampler all 
withdrawal of a sample Corn the well below the CX 
surface of the water or t& first few incbcs of thC S 
should bc dixardcd. SUSPC&OII lines for bailers and 
samplers should be kept off tl~c ground and free of 
coataminating materials that c&d bc car&d into th 
Down-hole dcviccs arc not very practical for USC il 
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;. wells. Howcvcr, potential sample oxidation during transfer of 
the sample into a cokction vcsscl and time constraints for 
lowering and rctricval for deep sampling arc the primary 
disadvantages. 

6.1, I.3 T&x down-hole dcviccs are the single and double 
check valve bailers and thief samplcrr A schematic of a 
single cheek valve unit is ilhstmtcd in F% 1. The bailer may 
bc thrcadcd in the middle so that additional lengths of blank 
casing may bc added to inaeasc the sampling volume. 
TFEZ-fluorocarbon or PVC arc the most common materials 
used for constNclion (15). 

6.1.1.4 In operation, the sin& check valve bailer is 
low& into the WC& water cntcrs the chamber through the 
bottom, and tbc weight of the water column closes the check 

v&c upon baikr r6tricvaL The specific gravity of the baII 
should bc about 1.4 to 2.0 so that the ball ahcost sits on tic 
check vdvc scat during chamber fill& Upon bailer with- 
dfawak the ball will immcdi.atcIy scat without any samples 
loss through the cheek valve. A similar tcchniquc invokes 
lowering a sealed sample Container within a weighted bottk 
into the wcL The stopper is then pulled from. tic bottle via a 
line and the cntirc assembly is rctricved upon filling of the 
container (14,16). 

6.1.1.5 A double ckck valve bailer allows point source 
sampling at a specific depth (15,17). h example is shown in 
Fii 2. In this double cheek valve dcsigu, waficr flows through 
the sample chamber as fhc unit is lowexd. A. venturi tapered 
inlet and outlet ensures that water pass fixeiy through the 

6 



Depth Sensor 

Pneumatic Lines 

Bulkhead Fitting 

Stainless Steel Tube - 

Retaining Ring 

NOTE--Take43 from Ret (42). 

r7 - PVC Jacketed Polyethylene T&es 
. ._ 

I -* Epoxy Seal 

4- 
I 1 *I Line 1 

-Fluid Sampl iwa Lines 

I+- “0” Rings 

\ 
40 Micron Filter 

. . 
unit. Whea a depth whcrc the sampk is to lx collcctcd is 
reached, the unit is rctricvcd. Bccausc the diffcrcncc Ixtwccn 

- each ball and dxck valve scat is maintained by a pin that 
blocks vertical movcmcnt of the chcok ball, both cheek 
vaks dose simultaneously upon rctricval. A drainage pin is 
placed into the bottom of the bail? to drain the sample 
directly into a coucction vcs$ to rcducc the possibiity of air 
oxidation. The acrylic model in Fg. 2 is thrcadcd at the 
midscotion allowing the addition of thrcadcd casing to 
increase the sampling volume. 

6.1.1.6 Another approach for obtaining point sour-cc sam- 
plcs employs a wcightcd messenger or pneumatic change to 
“trip” p&s at either end of an open tube (for cxamplc, tube 
water sampler or thief sampkr) to close the chamber (18). 
Focn& Kcmmcrcr, and Bacon samplers arc of this variety 
(14, 17, 19). A simple and incxpcnsivc pneumatic sampler 
was recently dcwii by Giam (20). The dcvicc (Fii 3) 
consists of a disposabIc 50 mL plastic syringe .modificd by 

. sawing off UK plunger and the finger grips. The syringe is 
then attached to a gas-line by means of a rubber stoppcr 
assembly. The &as-line extends to the surfaoe, and is used to 
drive the stem-less plunger, and to raise and lower the syringe 
into the hole. When the gas&c is prcssurizui, the rubber 
plunger is held at the tip of the syringe. The sampler is then 
lowered into the installation, and when the dcsimd depth is 
ITadld the prcssum in the gas-line is rcduccd to atmo- 

I . . spheric (or slightly less) and water cntcrs the syringe. The 
sampler is then rctricvcd from tbc installation and the 
syringe dctacb& from the gas-line. After the tip is scaled, the 
syringe is used as a shot+term storage container. A number 

of thief or mcsscngcr dcviccs arc available in various 
materials and shapes. 

6.1.2 Suaiort Lifr Pumps: 
6.1.2.1 Three types of suction lift pumps arc the direct 

line, ccntigal, and pcktaltic A major disadvantage of any 
suction pump is that it is limited in its abiity to raise water 
by the head available from atmospheric prcsxrc. Thus, if-the 
surface of the water is more than about 25 A below the 
pump, water may not lx withdrawn. The thcorctical suction 
limit is about 34 f?, but most suction primps arc capabk of 
maintaining a water lift of only 2S ft or less. 

6.1.2.2 Many suction pumps- draw the water through 
some sort of volutc in which impcllas, pistons, or other 
devices opcratc to induoc a ‘vacuum. Such pumps arr 
probably unacceptable for most sampling purposes buxusc 
they arc usually constmctcd of common mate&Is such E 
brass or mild steel and may expose samples to lubricants 
They often induct vay Iow pmssurcs around rotating vane 
or other such parts such that dcgassing or even cavitatior 
may ocour. They can mix air with the sample via small Icak 
in the casing, and they am di&xlt ito adequately clear 
bctwcen uses. Such pumps arc acceptable for purging o: 
wdls, but should not gcncrally bc used lfor sampiing. 

6.113 One cxccption to the above statcmcnts is a pcri 
staltic pump. A pcri&tltic pump is a sclf.prirtling, 1Ov 
volume suction pump which consists (of a rotor with pal 

bearing rollers (21). Flcxiblc tubing is inscrtcd around tb 
pump rotor and squeezed by heads as they rovolvc in 
circular nattan around the rotor. One end of the tubing i 
placed iato the well while the other enid can be connccte 



directly to a receiving vesseL As the rotor mov&, a reduced mechanical vacuum pump is attached to a. second tubing 
pressure is seated in the well tubing and an in& Ieaving the bottle. A cheek valve is attached between the two 
pressure (<40 psi) on the tube leaving the rotor head A drive lines to maintain a constant vacuum controlL A sample c;il 
shaft connected to the rotor had can be extended so that then bc drawn directly into the collection vessel without 
multiple rotor heads can be attached to a single drive shaft. contacting the pump mechanism (5,23,24). 

.L 

6.1.2.4 The peristaltic pump moves the liquid totally 
within the sample tube No part of the pump contacts the 
liquid The sample. may still be dcgassed (cavitation is 
unlikely) but the problems due to contact with the pump 
mechanism are eliminated Per&al& pumps do require a 
fairly flexible section of tubing within the pumphead itself A 
section of silicone tubing is commonly used within the 
peristaltic pumphead, but other types of tubing can be used 
particularly for the sections extending into the well or from 
the pump to the receiving container. The National Council 
of the Paper Industry for Air and Stream Improvement (22) 
recommends using medical grade silicone tubing for organic 
sampling purposes as the standard grade uses an organic 
vulcanizing agent which has been shown to leach into 
samples Medical grade s&one tube is, however, limited to 
use over a restricted range of ambient temperatures. Various 
manufacturers offer tubing lined with TIE-fluorocarbon or 
Viton3 for use with their pumps Gibb (I, 8) found little 
diffennee between samples withdrawn by a peristaltic pump 
and those taken by a bailer. 

6.1.2.6 A eentri&gaI pump can be attached to a length of 
plastic tubing that is lowcx-ed into the weIL A foot valve is 
usually attaehed to the end of the well tubing to assist in 
priming the tube. The maximum lift is about 4.6 m (I 5 ft) 
for such an arrangement (23,25,26). 

6.1.2.7 Suction pump approaches offer a simple sample 
retrieval method for shallow monitoring- The clireet line 
method is extremely portable though considerable oxidation 
and mixing may occur during collection A centrifugal pump 
w-ill agitate the sample to an even @eater degree although 
pumping rates of 19 to 151 Lpm (5 to 40 gpm) can be 
attained A pc&altic pump provides a lower sampling rate 
with less agitation than the other two pumps The with- 
drawal rate of peristaltic pumps can bc carcfcllly regulated by 
adjustment of the rotor head rqolution. 

6.1.2.5 A direct method of collecting a sampIe by suction 
consists of lowering one end of a length of plastic tubing into 
the well or piezometcr. The opposite end of the tubing is 
connected to a two way stopper bottle and a hand held or 

,. 

6.1.2.8 All three systems can bc fqcciauy designe!d so that 
the water sample contacts only the TFE Ilourocarbon or 
silicone tubing prior to sample bottle entry. Separate tubing 
is recommended for each well or piezometer sampled. 

6.1.3 Electric Submersible Pumps: 
6.1.3.1 A submersiilc pump consists of :a sealed ekctrk 

motor that powers a piston or helical single thread worm at a 
high rpm. Water is brought to the surface through an access 
tube. Such pumps have been used in the water well industry 
for years and many designs exist (5.26). 

6.1.3.2 Submersible pumps provide xlati~ely high dis- 
charge rates Car water withdrawal at depths beyond suction 
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FIG. 8 Posftive Displacement Syringe Pump 

lift capabilities. A battery operated unit 3.6 cm (1.4 in.) in 
diameter and with a 4.5 Lpm (1.2 gpm) flow rate at 33.5 m 
(110 fi) has been developed (27). Another submersible pump 
hean outer diamctcr of 11.4 cm (4.5 in.) and can pump 
water from 91 m (300 ft). Pumping rates vary up to 53.0 
Lpm (14 gpm) depending upon the depth of the pump (28). 

6.1.3.3 A submersible pump provides higher extraction . . 
rates than many other methods. Considerable sample. agita- 
tion results, bowcvcr, in the well and in.thc collection tube 
during transport. The possibility of introducing tract metals 
into the sample from pump materials also exists. Steam 
cleaning of the unit.followed by rinsing with unchlorinatcd, 
dcionizcd water is suggested between sampling when analysis 
for organics in the parts per million (ppm) or parts per billion 
(ppb) range is required (29). 

6.1.4 Gas-L@ Pumps: 
6.1.4.1 Gas-lift pumps use compressed air to bring a water 

sample to the surface. Water is forced up an cductor pipe 
that may be the outer casing or a smaller diameter pipe 
inserted into the wclI annulus below the water level (30,31). 

6.1.43 A similar prineiplc is used for a. unit that consists 
of a small cliamctcr plastic tube pcrforatcd in the Iowcr end. 
This tube is -placed within another tube of slightly targCr 
diamctcr. Compressed air is injected into ,the inner tube; the 
air bubbles through the perforations, thcrkby lifting the water 
sample via the annulus lxtwcen the outer and inner tubing 
(32). In pratice, the cductor line should ‘be submerged to a 
depth equal to 60 % of the total submerged cductor length 
during.pumping (26). A 40 % ratio is considered optimd 
although a 30 % submergence ratio is adequate. 
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6.c4.3 The som of comprcsscd gas may bc a band 
pump for depths gcnct-ally less than 7.6 m (25 fi). For mtcr 
depths, air compccssors, pressurized air bottle-s, and air 
compmsscd from an automobile cnginc have been used. 

6.1.4.4 As zdxaciy mcntioncd, gas-lift methods rrsuft in 
considcrablc &nplc agitation and mixing within the wcR, 
and cannot bc used for samples which will bc tcstcd for 
volatile orgaaics. ihc cductor pipe or wcightcd plastic tubing 
is a potential souroc of sample contamination. In additioa, 
Gibb (8) uacovcrcd difIicultics in sampling for inorganics. 
Thcsc difiku~tks wcfc attributed to changes in r&ox, pH, 

and spwics transformation due to solubifity constant 
chaagcs nsultiag from stripping, oxidation, and prcssurc 
cJ=Jxm. 

6.1.5 Gas Dirprczcemenl Pumps: 
6.1.5.1 Gas dispIaczmcat or gas d&c pumps arc distin- 

guishcd f?om gas-W pumps by the ,mcthod of sample 
traasport. Gas displaccmcnt pumps force a discmtc column 
of water to the surface via m&hanical lift without cxtcnsivc 
mixing of tbc‘pmssurkd gas and water as occurs with air-lift 
oquipmcat The prindplc is shown schcmaticxlly in F; ’ . 
Water filh the chamber. A positive pmssum is appkd t 1 
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gas line closing the sampler cheek valve and forcing water up 
the sample line. By removing the pressure the eycIc can bc 
repeated. Vacuum can also be used in eonjunetioa with the 
gas (30). Tbc dcvia can bc pcrmancqtly installed in the well 
.(33,34,35) or low&cd~ into the well (j6,‘37). 

6,152 A more eomplicatcd two S&C design constructed 
of glass with cheek valves made of I-FE-fluorocarbon has 
been constructed (38,39). The unit was dcsigncd speeifieally 
for sample testing for traec level organics. Continuous flow 
rates up to 2.3 Lpm (0.6 gpm) arc possible with a 5.1 em (2 
in.) diameter unit 

. 

. 

6.1.5.3 Gas displacement pumps have also been devel- 
aped with multiple functions. The water sample in Fig. 5 
provides piezomctric data mcasuremcnts with an internaIIy 
mounted transducer (40). A sample. with its transduecr 
exposed cxtcmally for piczomctric mcasuremcnts is illus- 
tratkd iii Fig. 6 (41). The sensor can activate the g& s&cc at” 
the surface to eausc sample chamber pressurization at the 
predetermined depth. Another design can bc used as a water 
sampIer or as a tool for injceting brine or other tracers into a 
well (42). 

6.1.5.4 Gas displanmcnt pumps offer reasonable potcn- 
tial for prcscrving sample integrity because little of the 
driving gas comes in contact with the sample as the sample is 
conveyed to the surface by a positivc’pressure. There is, 
howcvcr,.a potential loss of dissolved gasses or contamina- 
tioo from the driving gas and the housing materials. 

II 

6.1.6 Bladder Pumps: 
6.1.6. I Bladder pumps, also ref&red to ti gas-opcratod 

squcczc pumps, consist ofa flexible membrane enclosed by a 
rigid housing. Water cnten the membrane through a cheek 
vaIvc in the vasct bottom; eompressod gas injcctcd into the 
cavity between the housing and bladdcx forces the sampIe 
through a ehcek valve at the top of the membrane and into a 
discharge line (Fig 7). Water is pmvcntcd from n-entering 
the bladder by the top cheek valve. The process is repeated to 
cydc the water to the surface. Samples taken from depths of 
30.5 m (100 ft) have been reported. 

6.1.6.2 A variety of design modifications and mater% 
arc avaiIable (43, 44). Bladder materials indudc neoprene 
rubber, ethylene propylene tcrpoly-mcr (E.P.T.), nitrile., am 
the fluorocarbon Vitoa A bladder made of TFE-fluoro 
earboa is also under development (45). Automated samplin. 
systems have bcca dcvclopcd to control the time betwee 
pressurization cycle5 (46). 

6.1.6.3 Bladder pumps provide an adaptable samplin 
tool due primarily to the number of bladder shapes that ar 
ftiblc. Thcsc dcviees have a distinct advantage OYCT & 
diilaccmcnt pumps in that them is no contact with tf 
driving gas. Disadvantages ineludc the lap gas volum 
required, low pumping rates, and potential eoataminacc 
from many of the bladder materials, the rigid housing. 
both. 

6. I.7 Gas Driven Piston Pumps: 

--. -̂ ,.. 
- -,. .,.., . _ . 

-. _ ,_ 
,“j _(I*-- . 1 -, .-.i ._,,. ___““,.. 



6. t -7. t A simple and inexpensive example of a gas driven 
piston pump is a syringe pump (47). The pump (fig- 8) is 
constructed from a 50 mL plastic syringe with plunger stem 
remove& The device is connected to a gas line to the SUrfacC 
and the sample passes through a cheek valve arrangement to 
i sampling container at the &u-face. By successively aPPb’h 
positive and negative pressure to the gas-line, tic plunger is 
activated driving water to the surface. 

6.1.7.2 A double piston pump powered by compressed air 
is illuslrated in Pig. 9. Pressurized gas enters the chamber 
between the pistons; the alternating chamber pressutition 
activates the piston which allows water entry during the 
suction stroke of the piston and forces the sample to the 
surface during the pressure stroke (48). Pumping rates 
between 9.5 and 30.3 IJhr (2.5 to 8 gal/hr) have been 
rqmtcd from 30.5 m (100 fi?. Depths in excess of 457 m 
(15OOft)arepossible. 3 

6.1.7.3 The gas piston pump provides continuous sample 
withdrawal at depths greater than is possible with most other 
approaches. Neverthe&, contribution of ttace elcmcnts 
from the stainless steel and brass is a potcnti problem and 
the quantity of gas used is significant. 

6.1.8 Packer Pump Arrangeme~: 
6.1.8-l A packer pump arrangement provides a means by 

which two expandable “packers” isolate a sampling unit 
between two paekus $hin a weK Since the hydraulic or 
pneumatic activated packers arc wedged against the casing 
w-al1 or screen, the SampIing unit will obtain water samples 
only from the isolated well portion. The packers am deflated 
for vertical movcmcnt within the well and inflated when the 
desired depth is attained SubmctsiiIc, gas lift, and suction 
pumps <ran be used for sampling. The packers are usually 
constructed from some type of rubber or rubber compound 
(48,49,9,51). A packer pump unit consisting of a vacuum 
sampler positioned between two packers is illustrated in F% 
10 (52). 

6.1.8.2 A packer assembly allows the isolation of discrete 
sampling poin,ts within a well. A number of dif%ercnt 
samplers can be s%uated between the packers depending- 
upon the analytical ripe&cations for sam$e testing. Vertical 
movement of wat& outside the well casing during sampling 
is possible with packer pumps but depends upon the 
pumping rate and subsequent disturbance. Deterioration of 
the expandable materials will occur with. time with the 
increased possibility of undesirable organic contaminants 
contributing to the water sample. 

7. Sample Containers and Preservation 
7.1 Complete and unequivocal preservation of samples, 

whether domestic wastewater, industrial wastes, or natural 
waters, is practically impossible. At best, preservation tcch- 
niques only retard the chemical and biological changes that 
inevitably continue after the sample is removad horn the 
SoUrtx. Themfort, insuring the timely analysis of-a sample 
should be one of the fonmost considerations in the sampling 
plan schedule. Methods of preservation are somewhat lim- 
ited and are intended to retard biological action, retard 
hydrolysis- of chemical compounds and complexes, and 
rsducz the volatility of constituents. Preservation methods 
arc generally limited to pH control, chemical addition, 
rcfrigcralion and freezing. For water samples, immediate 

refrigeration just above freezing (4-C in we:t ice) is often the 
best preservation technique available, but it is not the only 
measure nor is it applicable in all cases. There may be sp,+l~ 
cases where it might bc prudent to inklude a reori- 
thermometer in the sample shipment to verify the maximu.,. 
and minimum temperature to which the smpla were 
exposed. Inexpensive devices for this purpose arc available 

7.2 AH bottles and contamers must Ibe spaciahy pre- 
cleaned, pre-labelled. and organized in ioschcsts (isolating 
samples and sampling equipment from the environment) 
before one goes into the field. Otbcrwisc, in any comprehen- 
sive program utter chaos usually develops in the field or 
laboratory. The time in the field is very MlluabIc and should 
be spent on taking field notes, measurements, and in 
documenting samples, not on fabclling and organizing sam- 
pies Thenfore, the sampling plan should indudc dear 
instructions to the sampling personnel concerning the *infor- 
mation required in the field data ncord logbook (notebook), 
the ioformation needed on container labefs for identifra- 
tion, the chain-ofcustody protocoiss, and the meth& for 
preparing ficki blanks and spiked sampIes. Example of 
d&ailed plans and documentation proecdures have been 
pubhshed (14.53). 

7.3 The exact requirements for the volumes of sample 
needed and the number of containers to use may vary from 
laboratory to laboratory. This wilI depend on the specific 
an&e5 to be performed, the concentration lcvcls of intems& 
and the individual laboratory protoeofs. The manager of the 
sampling program should make no assumptions about the 
laboratory analyses. He should discuss the analytical require- 
ments of the sampling program in detaiI vli.th the laboratr 
coordinator beforehand. This is especially the case si 
some analyses and preservation measures must be performen 
at the laboratory as soon as possibIe after the samples arrive. 
Thus, appropriate arrangements must be made. 

7.4 There are a number of excellent references available 
which fist the containers and preservation techniques appro- 
priate for water and soils (13, 14, 50, 54, 55, 56). The 
“Handbook for Sampling and Sample Preservation of Water 
and Wastewater” is an excellent refcrencc and perhaps the 
most comprehensive one (14). Some of this information is 
summarized in TabIc 1. 

7.5 SampIe containcn for trace organic samples require 
special deaning and handling &nside:rations (57). The 
sample container for purgeable organics consist of a screw- 
cap vial (25 to 125 mL) fitted with a TFiXourocarbon faced 
silicone septum. The vial is sealed in the laboratory immedi- 
ately after deaning and is only opened in the field just prior 
to pouring sample .into it The water safnplc then must be 
sealed into’the vial h&&pace f?ce (no air bubbles) and 
immediately cooled (4’0 for shipment Multi~lc S~~P~CS 
(usually about four taken from one large sampIe container) 
are taken because leakage of containers may cause l0sses 
may abow. air to enter the containerr; and may cause 
erroneous analysis of some constituents. Also, some drscV 
are best conducted on independent protcctod samPIe%. 

7.6 The purgeable samples must bc: analyzad by the 
iab0d0ry witbin 14 days after colleetioo.. unless they are to 
IX analyzed for acrolein or acrylonitrilc (in Which case ! 
an to be analyzed within 3 days). For :amples for sol\ 
cxtracxions (extractable organic+base rrcutrals. acids and 
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pesticides), the sample b&es are narrow mouth, screw cap 
quart boltPes or half-gallon bottles that have been Weleaned, 
rinsed with the extracting organic solvent and oven dried at 
105% for at least I h. These bottles must be scatbd 6th 
TFE-fluorocarbon lined caps (Note). Samples for organic 
extraction must be exttieted within 7 days and analyzed 
within 30 days after extraction. Special pre-clcaned, solvent 
rinsed and ovcndried stainless steel beakers (one for each 
monitoring well) may be used for transferring samples from 
the sampling device to the sample containers. 

. 

NOTE-When cokaing samplq rhc botlkr should not be ovafiicd 
or prcrinwj with sample before filling bccausc oil and other mata 
may remain in the botrlc. This can c7us-e crroncously hi vaults. 

7.7 For a number of groundwater parameters, Ihc most 
meaningful measurements are those made in the field at the 
time of sampie collection 0rW least at an on-site laboratory. 
These indude the water 1evel’in the well and parameters that 
sometimes can change mpidiy with storage. A dion of 
the ~rious teehniques for measuring the water level in the 
well is contained in a NCASI publication (5) and detailed 
procedures are outlined in a U.S. Geological Survey publ.k+ 
tion (SS). Although a discussion of these techniques is 
beyond the scope of this guide. it is important to point out 
that accurate measurements must be made before a well is 
flushed or only after it has had sufficient time to mver. 
Parameters that can change rapidly with storage include 
specific conductance, pH, turbidity, redox potential, dis- 
solved oxygen, and temperature. For some of the other 

parameters, the emphasis in groundwaler monitoring is on 
the concentration of each specrfic druolved component, not 
the total concentration of each. Samples for these types of 
measurements should be filtered through 0.45 pm mcm- 
bmne filters ideally in the field or wssibly at an on-site 
laboratory as soon as possible- Analyses often requiring 
filtered samples include all metals, radi,oactivity parameters, 
total organic carbon, dissolved orthophosphate (if needed). 
and total dissolved phosphorous (if ncedcd) (13, 14). lf 
metals are to be analyzed, filter the sample prior to acjd 
preservation. For TX organics, the filter material should be 
tested to assure that it does not contribute to the-Tw. .l-hc 
type or size of fhc filter to be used is not we11 undomtood, 
However, if results of metal, TOC or other parameters that 
could be effected by solids are to be compared, the same 
filtering proecdure must be used in each case. Rcpeatci 
analytical results should state whether the sampI& were 
filtered and how they were filtered. 
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SURFACE WATER AND SEDIMENT SAMPLE ACQUISITION 

1.0 PURPOSE 

This procedure describes methods and equipment commonly used for collecting environmental samples of 
surface water and aquatic sediment either for on-site examination and chemical testing or for laboratory 
analysis. 

2.0 SCOPE 

The information presented in this SOP is generally applicable to all environmental sampling of surface 
waters (Section 5.2) and aquatic sediments (Section 5.3), except where the analyte(s) may interact with the 
sampling equipment. 

Specific sampling problems may require the adaptation of existing equipment or design of new equipment. 
Such innovations shall be documented and presented in the Sampling and Analysis Plan. 

3.0 DEFINITIONS 

Grab Sample - An individual sample collected from a single location at a specific time or period of time 
generally not exceeding 15 minutes. 

Composite Sample - A sample collected over time that typically consists of a series of discrete samples 
which are combined or cornposited. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation for procedures which deviate from those 
presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific surface 
water and/or sediment sampling techniques and equipment to be used, and documenting these in the 
Sampling and Analysis Plan. It is the responsibility of the Field Team Leader to ensure that these procedures 
are implemented in the field and that personnel performing sampling activities have been briefed and trained 
to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these procedures, or 
to follow documented, project-specific procedures as directed by the Field Team Leader and/or the Project 
Manager. The sampling personnel are responsible for the proper acquisition of surface water and sediment 
samples. 

H V600A181 Phase\DocConlrol_Secretaries\ProjectPlans~~pDRAF~FiNL\Ap~ndi~ C wpd 
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5.0 PROCEDURES 

Collecting a representative sample from surface water or sediments is difficult due to water movement, 
stratification or patchiness. To collect representative samples, one must standardize sampling bias related 
to site selection; sampling frequency; sample collection; sampling devices; and sample handling, 
preservation, and identification. 

Representativeness is a qualitative description of the degree to which an individual sample accurately Ireflects 
population characteristics or parameter variations at a sampling point. It is therefore an important quality 
not only of assessment and quantification of environmental threats posed by the site, but also for providing 
information for engineering design and construction. Proper sample location, selection, and collection 
methods are important to ensure that a truly representative sample has been collected. Regardless of scrutiny 
and quality control applied during laboratory analyses, reported data are only as good as the confidence that 
can be placed on the representativeness of the samples. 

5.1 Definiw the Sampling Propram 

, -_ 

Many factors must be considered in developing a sampling program for surface water or sediments in’cluding 
study objectives; accessibility; site topography; flow, mixing and other physical characteristics of the water 
body; point and diffuse sources of contamination; and personnel and equipment available to conduct the 
study. For waterborne constituents, dispersion depends on the vertical and lateral mixing within the body 
of water. For sediments, dispersion depends on bottom current or flow characteristics, sediment 
characteristics (density, size) and geochemical properties (which effect adsorption/desorption). The 
sampling plan must therefore reflect not only the mixing characteristics of streams and lakes, but also the 
role of fluvial-sediment transport, deposition, and chemical sorption. 

5.1.1 Sampling Program Objectives 

The objective of surface water sampling is to determine the surface water quality entering, leaving or 
remaining within the site. The scope of the sampling program must consider the sources and potential 
pathways for transport of contamination to or within a surface water body. Sources may include point 
sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spills). The major pathways for surface water 
contamination (not including airborne deposition are: (a) overland runofc (b) leachate influx to the 
waterbody; (c) direct waste disposal (solid or liquid) into the water body; and (d) groundwater flow influx 
to the water body. The relative importance of these pathways, and therefore the design of the sampling 
program, is controlled by the physiographic and hydrologic features of the site, the drainage basin(s,) which 
encompass the site, and the history of site activities. 

I . . . 

Physiographic and hydrologic features to be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or drainage 
ditches (when constructed relative to site operation), and locations of springs, seeps, marshes, etc. In 
addition, the obvious considerations such as the location ofman- made discharge points to the nearest stream 
(intermittent or flowing), pond, lake, estuary, etc., shall be considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of d,issolved 
or sediment-associated contaminants away from the source. The dispersion could lead to a more 
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homogeneous distribution ofcontamination at low orpossiblynondetectable concentrations. Such dispersion 
does not, however, always readily occur throughout the entire body of water; the mixing may be limited to 
specific flow streams within the water body. For example, obtaining a representative sample of 
contamination from the center of a channel immediately below an outfall or a tributary is difficult because 
the inflow frequently follows a stream bank with little lateral mixing for some distance. Sampling 
alternatives to overcome this situation are: (1) move the site far enough downstream to allow for adequate 
mixing, or (2) collect integrated samples in a cross section. Also, nonhomogeneous distribution is a 
particular problem with regard to sediment-associated contaminants which may accumulate in low-energy 
environments while higher-energy areas (main stream channels) near the source may show no contaminant 
accumulation. 

The distribution of particulates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to adsorb on particulate matter. Nitrogen, phosphorus, 
and the heavy metals also may be transported by particulates. Samples will be collected with a representative 
amount of suspended material; transfer from the sampling device shall include transferring a proportionate 
amount of the suspended material. 

i 

The first step in selecting sampling locations; therefore, is to review site history, define hydrologic 
boundaries and features of the site, and identify the sources, pathways and potential distribution of 
contamination based on these considerations. The numbers, types and general locations of required samples 
upgradient, on site and downgradient can then be identified. 

5.1.2 Location of Sampling Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and description of site conditions must be balanced against the costs of collection as controlled by 
accessibility. Wading or sampling from a stream bank often is sufficient for springs, seeps, and small 
streams. Bridges or piers are the first choice for locating a sampling station on a larger stream or small river; 
they provide ready access and also permit the sampling technician to sample any point across the stream or 
river. A boat or pontoon (with an associated increase in cost) may be needed to sample locations on lakes 
and reservoirs, as well as those on larger rivers. Frequently, however, a boat will take longer to cross a water 
body and will hinder manipulation of the sampling equipment. 

If it is necessary to wade into the water body to obtain a sample, the sampler shall be careful to minimize 
disturbance of bottom sediments and must enter the water body downstream of the sampling location. If 
necessary, the sampling technician shall wait for the sediments to settle before taking a sample. Use of boats 
or wading to collect samples requires the use of U. S. Coast Guard approved personal flotation devices 
(PFDs). 

Sampling in marshes or tidal areas may require the use of an all-terrain-vehicle (ATV). The same 
precautions mentioned above with regard to sediment disturbance will apply. 

The availability of stream flow and sediment discharge records can be an important consideration in choosing 
sampling sites in streams. Stream flow data in association with contaminant concentration data are essential 
for estimating the total contaminant load carried by the stream. Ifa gaging station is not conveniently located 
on a selected stream, obtaining stream flow data by direct or indirect methods shall be explored. 
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5.1.3 Frequency of Sampling 

The sampling frequency and the objectives of the sampling event will be defined by the Sampling and 
Analysis Plan. For single-event, site- or area-characterization sampling, both bottom material and 
overlying water samples shall be collected at the specified sampling stations. If valid data are available on 
the distribution of the contaminant between the solid and aqueous phases it may be appropriate to fsample 
only one phase, although this often is not recommended. If samples are collected primarily for monitoring 
purposes, consisting of repetitive, continuing measurements to define variations and trends at ai given 
location, water samples shall be collected at established and consistent intervals, as specified in the Sampling 
and Analysis Plan (often monthly or quarterly), and during droughts and floods. Samples ofbottom material 
shall be collected from fresh deposits at least yearly, and preferably during both spring and fall sea:sons. 

The variability in available water quality data shall be evaluated before deciding on the number and 
collection frequency of samples required to maintain an effective monitoring program. 

5.2 Surface Water Sample Collection 

This section presents methods for collection of samples from various surface water bodies, as well as a 
description of types of surface water sampling equipment. The guidance in this section should be used to 
develop specific sampling procedures based on site conditions and investigation goals. A summary of 
sampling techniques and procedures is given in Section 5.2.5. 

5.2.1 Streams, Rivers, Outfalls and Drainage Features (Ditches, Culverts) 

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary from the s:implest 
of hand sampling procedures to the more sophisticated multi-point sampling techniques known as the 
equal- width- increment (EWI) method or the equal-discharge- increment (EDI) method. 

Samples from different depths or cross-sectional locations, collected during the same sampling episode, shall 
be cornposited. However, samples collected along the length of the watercourse or at different times may 
reflect differing inputs or dilutions and therefore shall not be cornposited. Generally, the number aind type 
of samples to be collected depend on the river’s width, depth, discharge, and amount of suspended sediment. 
With a greater number of individual points sampled, it is more likely that the composite sample will truly 
represent the overall characteristics of the water. 

In small streams less than about 20 feet wide, a sampling location can generally be found where the water 
is well mixed. In such cases, a single grab sample taken at mid-depth in the center ofthe channel is adequate 
to represent the entire cross-section. 

For larger streams greater than three feet in depth, two samples at each station shall be taken from just below 
the surface, and just above the bottom. 

5.2.2 Lakes, Ponds and Reservoirs 

Lakes, ponds, and reservoirs have a much greater tendency to stratify according to physical or chemical 
differences than rivers and streams. The relative lack of mixing requires that more samples be obtained. 

H \2600Al81 Phase\DocControl_Ser~a~~\ProjectPlansndix C \*pd 
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The number of water sampling locations on a lake, pond, or impoundment will vary with the size and shape 
of the basin. In ponds and small lakes, a single vertical composite at the deepest point may be sufficient. 
Similarly, the measurement of DO, pH, temperature, etc., is conducted on each aliquot of the vertical 
composite. In naturally-formed ponds, the deepest point may have to be determined empirically; in 
impoundments, the deepest point is usually near the dam. 

In lakes and larger reservoirs, several vertical grab samples shall be cornposited to form a single sample. 
These vertical samples often are collected along a transect or grid. In some cases, it may be of interest to 
form separate composites of epilimnetic and hypolimnetic zones. In a stratified lake, the epilimnion is the 
thermocline which is exposed to the atmosphere. The hypolimnion is the lower, “confined” layer which is 
only mixed with the epilimnion and vented to the atmosphere during seasonal “overturn” (when density 
stratification disappears). These two zones may thus have very different concentrations of contaminants if 
input is only to one zone, if the contaminants are volatile (and therefore vented from the epilimnion but not 
the hypolimnion), or if the epilimnion only is involved in short-term flushing (i.e., inflow from or outflow 
to shallow streams). Normally, however, a composite sample consists of several vertical samples collected 
at various depths. 

__ 

As it is likely that poor mixing may occur in lakes with irregular shape (with bays and coves that are 
protected from the wind), separate composite samples may be needed to adequately represent water ‘quality. 
Similarly, additional samples are recommended where discharges, tributaries, land use characteristics, and 
other such factors are suspected of influencing water quality. 

Many lake measurements now are made in- situ using sensors and automatic readout or recording devices. 
Single and multi-parameter instruments are available for measuring temperature, depth, pH, 
oxidation-reduction potential (ORP), specific conductance, dissolved oxygen, some cations and anions, and 
light penetration. 

5.2.3 Estuaries 

Estuarine areas are by definition among those zones where inland freshwaters (both surface and ground) mix 
with marine waters. Estuaries generally are categorized into three types dependent upon freshwater inflow 
and mixing properties. Knowledge of the estuary type is necessary to determine sampling locations: 

0 Mixed estuary - characterized by the absence of a vertical halocline (gradual or no marked 
increase in salinity in the water column) and a gradual increase in salinity seaward. 
Typically this type of estuary is shallow and is found in major freshwater sheetflow areas. 
Being well mixed, the sampling locations are not critical in this type of estuary. 

0 Salt wedge estuary - characterized by a sharp vertical increase in salinity and stratified 
freshwater flow along the surface. In these estuaries the vertical mixing forces, cannot 
override the density differential between fresh and saline waters. In effect, a salt wedge 
tapering inland moves horizontally, back and forth, with the tidal phase. If contamination 
is being introduced into the estuary from upstream, water sampling from the salt wedge may 
miss it entirely. 
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0 Oceanic estuary - characterized by salinities approaching full strength oceanic waters. 
Seasonally, freshwater inflow is small with the preponderance of the fresh-saline water 
mixing occurring near, or at, the shore line. 

Sampling in estuarine areas normally is based upon the tidal phases, with samples collected on successive 
slack tides (i.e., when the tide turns). Estuarine sampling programs shall include vertical Isalinity 
measurements coupled with vertical dissolved oxygen and temperature profiles. 

5.2.4 Surface Water Sampling Equipment 

The selection of sampling equipment depends on the site conditions and sample type required. The most 
frequently used samplers are: 

0 Dip sampler 
0 Weighted bottle 
0 Kemmerer 
l Depth- Integrating Sampler 

The dip sampler and the weighted bottle sampler are used most often. 

The criteria for selecting a sampler include: 

0 Disposable and/or easily decontaminated 
0 Inexpensive (if the item is to be disposed of) 
0 Ease of operation 
0 Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample 

chambers are preferred (in that order) 

Each sample (grab or each aliquot collected for cornpositing) shall be measured for: specific conductance; 
temperature; pH; and dissolved oxygen (optional) as soon as it is recovered. These analyses will provide 
information on water mixing/stratification and potential contamination. 

5.2.4.1 Dip Sampling 

Water often is sampled by filling a container, either attached to a pole or held directly, from just beneath the 
surface of the water (a dip or grab sample). Constituents measured in grab samples are only indicative of 
conditions near the surface of the water and may not be a true representation of the total concentration that 
is distributed throughout the water column and in the cross section. Therefore, whenever possilble it is 
recommended to augment dip samples with samples that represent both dissolved and suspended constituents, 
and both vertical and horizontal distributions. Dip sampling often is the most appropriate sampling method 
for springs, seeps, ditches, and small streams. 

5.2.4.2 Weighted Bottle Sampling 

A grab sample also can be taken using a weighted holder that allows a sample to be lowered to any desired 
depth, opened for filling, closed, and returned to the surface. This allows discrete sampling with depth. 
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Several of these samples can be combined to provide a vertical composite. Alternatively, an open bottle can 
be lowered to the bottom and raised to the surface at a uniform rate so that the bottle collects :sample 
throughout the total depth and is just filled on reaching the surface. The resulting sample using either method 
will roughly approach what is known as a depth- integrated sample. 

A closed weighted bottle sampler consists of a stopped glass or plastic bottle, a weight and/or holding device, 
and lines to open the stopper and lower or raise the bottle. The procedure for sampling is as follows: 

0 Gently lower the sampler to the desired depth so as not to remove the stopper prematurely 
(watch for bubbles). 

0 Pull out the stopper with a sharp jerk of the sampler line. 

0 Allow the bottle to fill completely, as evidenced by the absence of air bubbles. 

0 Raise the sampler and cap the bottle. 

0 Decontaminate the outside of the bottle. The bottle can be used as the sample container (as 
long as original bottle is an approved container). 

5.2.4.3 Kemmerer 

If samples are desired at a specific depth, and the parameters to be measured do not require a Teflon coated 
sampler, a standard Kemmerer sampler may be used. The Kemmerer sampler is a brass, stainless steel or 
acrylic cylinder with rubber stoppers that leave the ends open while being lowered in a vertical position to 
allow free passage of water through the cylinder. A “messenger” is sent down the line when the sampler is 
at the designated depth, to cause the stoppers to close the cylinder, which is then raised. Water is removed 
through a valve to fill sample bottles. 

5.2.5 Surface Water Sampling Techniques 

Most samples taken during site investigations are grab samples. Typically, surface water sampling involves 
immersing the sample container directly in the body of water. The following suggestions are applicable to 
sampling springs, seeps, ditches, culverts, small streams and other relatively small bodies of water, and are 
presented to help ensure that the samples obtained are representative of site conditions: 

0 The most representative samples will likely be collected from near mid-stream, the center 
of flow in a culvert, etc. 

0 Downstream samples shall be collected first, with subsequent samples taken while moving 
upstream. Care shall be taken to minimize sediment disturbance while collecting surface 
water samples. If necessary, sediment samples shall be collected after the corresponding 
surface water sample. 

0 Samples may be collected either by immersing the approved sample container or a glass or 
nalgene beaker into the water. Sample bottles (or beakers) which do not contain 
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preservatives shall be rinsed at least once with the water to be sampled prior to sample 
collection. 

l Care shall be taken to avoid excessive agitation of the water which may result in the loss of 
volatile constituents. Additionally, samples for volatile organic analyses shall be coiilected 
first, followed by the samples for other constituents. 

0 Measurements for temperature, pH, specific conductance, or other field parameters, as 
appropriate, shall be collected immediately following sample collection for laboratory 
analyses. 

0 All samples shall be handled as described in SOP F30 1. 

l The sampling location shall be marked via wooden stake placed at the nearest bank or shore. 
The sampling location number shall be marked with indelible ink on the stake. 

0 The following information shall be recorded in the field logbook: 

l 

l 

Project location, date and time. 
Weather. 
Sample location number and sample identification number. 
Flow conditions (i.e., high, low, in flood, etc.) and estimate of flow rate. 
Visual description of water (i.e., clear, cloudy, muddy, etc.). 
Oli- site water quality measurements. 
Sketch of sampling location including boundaries of water body, sample location 
(and depth), relative position with respect to the site, location of wood identifier 
stake. 
Names of sampling personnel. 
Sampling technique, procedure, and equipment used. 

General guidelines for collection of samples from larger streams, ponds or other water bodies are as follows: 

0 The most representative samples are obtained from mid-channel at mid- stream depth in 
a well-mixed stream. 

0 For sampling running water, it is suggested that the farthest downstream sample be o’btained 
first and that subsequent samples be taken as one works upstream. Work may also proceed 
from zones suspected of low contamination to zones of high contamination. 

0 It is suggested that sample containers which do not contain preservative be rinsed at least 
once with the water to be sampled before the sample is taken. 

0 To sample a pond or other standing body of water, the surface area may be dividled into 
grids. A series of samples taken from each grid is combined into one composite sample, or 
several grids are selected at random. 
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0 Care should be taken to avoid excessive agitation of the water that would result in the loss 
of volatile constituents. 

0 When obtaining samples in 40 ml septum vials for volatile organics analysis, it is important 
to exclude any air space in the top of the bottle and to be sure that the Teflon liner faces 
inward. The bottle can be turned upside down to check for air bubbles after the bsottle is 
filled and capped. 

a Do not sample at the surface unless sampling specifically for a known constituent which is 
immiscible and on top of the water. Instead, the sample container should be inverted, 
lowered to the approximate depth, and held at about a 45-degree angle with the mouth of 
the bottle facing upstream. 

0 Measurements for temperature, pH, specific conductance, or other field parameters, as 
appropriate shall be collected immediately following sample collection for laboratory 
analysis. 

l All samples shall be handled as described in SOP F301. 

0 Items to be recorded in the field logbook are the same as those described above for small 
streams. 

5.3 Sediment Sampling 

Sediment samples usually are collected at the same locations as surface water samples. Ifonly one sediment 
sample is to be collected, the sample location shall be approximately at the center of the water body. If, 
however, multiple samples are required, sediment samples should be collected along a cross-section to 
characterize the bed material. A common procedure for obtaining multiple samples is to sample at quarter 
points along the cross-section of flow. As with surface water samples, sediment samples should be collected 
from downstream to upstream. 

5.3.1 Sampling Equipment and Techniques 

A bottom-material sample may consist of a single scoop or core or may be a composite of several individual 
samples in the cross section. Sediment samples may be obtained using on-shore or off-shore techniques. 

When boats are used for sampling, U. S. Coast Guard approved personal flotation devices must be provided 
and two individuals must undertake the sampling. An additional person shall remain on-shore in visual 
contact at all times. 

The following samplers may be used to collect bottom materials: 

a Scoop sampler 
0 Dredge samplers 
0 Bucket/hand auger 
0 Stainless steel spoon or trowel 
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5.3.1.1 Scoop Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of bamboo, 
wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end of the pole is 
usually attached using a clamp. 

If the water body can be sampled from the shore or if it can be waded, the easiest and “cleanest” way to 
collect a sediment sample is to use a scoop sampler. This reduces the potential for cross-contamination. 
This method is accomplished by reaching over or wading into the water body and, while facing upstream 
(into the current), scooping in the sample along the bottom in the upstream direction. It is very difficult not 
to disturb tine-grained materials of the sediment-water interface when using this method. 

5.3,1.2 Dredges 

Dredges are generally used to sample sediments which cannot easily be obtained using coring devices (i.e., 
coarse-grained or partially-cemented materials) or when large quantities of materials are required. Dredges 
generally consist of a clam shell arrangement of two buckets. The buckets may either close upon impact or 
be activated by use of a messenger. Most dredges are heavy (up to several hundred pounds) and require use 
of a winch and crane assembly for sample retrieval. There are three major types of dredges: Peterson, 
Eckman and Ponar dredges. 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity is high. 
The dredge shall be lowered very slowly as it approaches bottom, because it can force out and miss lighter 
materials if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It performs well where bottom material is unusually soft, 
as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, and hard 
bottoms and is too light for use in streams with high flow velocities. 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top of the 
sample compartment. The screen over the sample compartment permits water to pass through the sampler 
as it descends thus reducing the “shock wave” and permits direct access to the secured sample without 
opening the closed jaws. The Ponar dredge is easily operated by one person in the same fashion as the 
Peterson dredge. The Ponar dredge is one of the most effective samplers for general use on all lypes of 
substrates. Access to the secured sample through the covering screens permits subsampling of the secured 
material with coring tubes or Teflon scoops, thus minimizing the chance of metal contamination from the 
frame of the device. 

5.3.1.3 Bucket (Hand) Auger 

.-. 

Bucket (hand) augering is a viable method for collecting sediment samples in narrow, intermittent streams 
or tidal flats. Typically, a 4-inch auger bucket with a cutting head is pushed and twisted into the ground and 
removed as the bucket is tilled. The auger hole is advanced one bucket at a time, to a depth specified in the 
project plans. 
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When a specific vertical sampling interval is required, one auger bucket is used to advance the aug,er hole 
to the first desired sampling depth. If the sample at this location is to be a vertical composite of all intervals, 
the same bucket may be used to advance the hole, as well collect subsequent samples in the same hole. 
However, if discrete grab samples are to be collected to characterize each depth, a new bucket must be placed 
on the end of the auger extension immediately prior to collecting the next sample. The top several inches 
of sediment should be removed from the bucket to minimize the changes of cross-contamination of the 
sample from fall-in of material from the upper portions of the hole. The bucket auger should be 
decontaminated between samples as outlined in SOP F502. 

5.3.1.4 Stainless Steel Spoon or Trowel 

For loosely packed sediments, a stainless steel scoop or trowel can be used to collect a representative sample, 
in narrow intermittent streams or tidal flats. 

Use the scoop or trowel to collect the sample from a desired depth. Remove heavy debris, rocks, and twigs 
before collecting the sample. Immediately transfer the sample to the appropriate sample container. Attach 
a label and identification tag. Record all required information in the field logbook and on the sample log 
sheet, chain-of-custody record, and other required forms. 

5.3.2 Sediment Sampling Procedure 

The following general procedure should be used, where applicable, for sampling sediment from springs, 
seeps, small streams, ditches, or other similar small bodies of water. Procedures sampling larger bodies of 
water (i.e., rivers, lakes, estuaries, etc.) should be developed on a project-specific basis, as needed. 

0 Sediment samples shall be collected only after the corresponding surface water sample has 
been collected, if one is to be collected. 

0 Sediment samples shall be collected from downstream locations to upstream locations 

0 Samples shall be collected by excavating a sufficient amount of bottom material using a 
scoop, beaker, spoon, trowel, or auger. Samples should be collected with the sampling 
device facing upstream and the sample collected from downstream to upstream. Care should 
be taken to minimize the loss of fine-grained materials from the sample. 

0 The sample shall be transferred to the appropriate sample containers. Sampling pe:rsonnel 
shall use judgment in removing large plant fragments to limit bias caused by bio-organic 
accumulation. 

0 All samples shall be handled as described in SOP F301. 

l The sampling location shall be marked via a wooden stake placed at the nearest bank or 
shore. The sample location number shall be marked on the stake with indelible ink. 

l The following information shall be recorded in the field logbook: 



SOP F 107 
Revision No.: 1 

Date: 1 O/99 
Page 13 of 13 

. Project location, date and time. 

. Weather. 
t Sample location number and sample identification number. 
. Flow conditions. 
. Sketch of sampling location including boundaries of water body, sample location, 

water depth, sample collection depth, relative position with respect to the site, 
location of wooden identifier stake. 

t Chemical analyses to be performed. 
t Description of sediment (refer to SOP FOO 1). 

6.0 QUALITY ASSURANCE RECORDS 

The description of the sampling event in the field logbook shall serve as a quality assurance record, Other 
records include chain-of-custody and sample analysis request forms as discussed in SOP F302. 

7.0 REFERENCES 

1. Feltz, H. R., 1980. SiPnificance of Bottom Material Data in Evaluating Water Qualitv in 
Contaminants and Sediments. Ann Arbor, Michigan, Ann Arbor Science Publishers, Inc., V. 1, p. 
271-287. 

2. Kittrell, F. W., 1969. A Practical Guide to Water Quality Studies of Streams. U.S. Federal Water 
Pollution Control Administration, Washington, D.C., 135~. 

3. U.S. EPA, 199 1. Standard Operatinp Procedures and Qualitv Assurance Manual. Environmental 
Compliance Branch, USEPA Environmental Services Division, Athens, Georgia. 

4. U.S. Geological Survey, 1977. National Handbook of Recommended Methods for Water- Data 
Acquisition. Office of Water Data Coordination, USGS, Reston, Virginia. 
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WELL-HEAD TESTING 
(SLUG-TESTS) 

1.0 PURPOSE 

This SOP provides a general description of the technical methods and field procedures of a representative 
suite of well-head testing (slug tests) to approximate part of the aquifer parameters. The well-head tests are 
to be considered at all times as a reconnaissance of the aquifer parameters across an area (the site under 
investigation). Aquifer testing (pump-tests) to calculate these parameters is discussed in SOP F401. The 
descriptions herein are general in nature and do not apply to a specific well, well-field or project. Prior to 
designing well-head tests as part of a site investigation and during execution of the tests, the Project 
Manager, Site Manager and Program Hydrogeologist must consult on the appropriate procedures; these 
procedures must then be recorded in the project documents. 

2.0 SCOPE 

,- -. 

The well-head tests apply both to consolidated and unconsolidated strata; and to confined, semiconfined and 
phreatic conditions. The aquifer parameters subject to evaluation and approximate calculation are 
Transmissivity and Hydraulic Conductivity. 

3.0 DEFINITIONS 

The following definitions are extracted or abstracted from standard references (Section 7); further 
discussions are available in those references. 

Hvdraulic Conductivitv (K) - A medium has a hydraulic conductivity (K) of unit length per unit time (for 
example, feet per day [Wd]) if it will transmit in unit time a unit volume of groundwater at the prevailing 
viscosity through a cross-section of unit area, measured at right angles to the direction of flow, under a 
hydraulic gradient of unit change in head through unit length of flow (Lohman 1979). 

Transmissivitv (T) - The transmissivity (T) is the rate (for example, in gallons per day per foot ofdrawdown 
[gpd/fi]) at which water is transmitted through a unit width of the aquifer under a unit hydraulic gradient 
(Lohman 1979). The transmissivity is mathematically equivalent to the hydraulic conductivity multiplied 
by the saturated thickness: T = Kb. 

Saturated Thickness (b)- The saturated thickness (b) is the distance (for example, in feet [ft]) from the 
elevation of the upper groundwater surface in either a phreatic system (the water table) or a confined or 
semiconfined system (the lower boundary of the upper confining or semiconfining layer, but :not the 
potentiometric surface in a well) to the elevation of the upper boundary of the lower confining or 
semiconfining layer for the aquifer or water-bearing layer. 

- 
Drawdown (s) - The drawdown in a well affected by a well-head test is the differential distance, usually in 
feet (fi), between the static (unstressed) water level in the well measured immediately prior to the test, and 
the (stressed) water level at the specified time during the test. 
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Falling-Head Test - The falling-head test is conducted where the static water level in the subject well is 
nearly instantaneously displaced vertically upward at the initiation of the test; the decay of this artificially 
impressed head is measured against time to provide data for the calculation of conductivity or transmissivity. 
The falling head test is valid only when the screen is fully submerged at static conditions. 

Rising-Head Test - The rising-head test is conducted where the static water level in the subject well is nearly 
instantaneously displaced vertically downward at the initiation of the test; the decay of this artificially 
depressed head is measured against time to provide data for the calculation of conductivity or transmissivity. 

Confined Conditions - Confined conditions in a water-bearing layer are found where the groundwater is 
bounded vertically by opposed surfaces or layers that are impermeable to water, and where the total head of 
the system at the upper surface of the groundwater is greater than atmospheric pressure. For a confined 
system, when a well is drilled below the bottom of the upper confining layer, the water level in the well rises 
to an elevation (at least) within or (possibly) above the upper confining layer. 

.’ ‘1 

Unconfined (Phreatic) Conditions - Unconfined conditions in a water-bearing layer are found where the 
groundwater is bounded vertically only by a single surface or layer at the bottom of the water-bearing layer 
that is impermeable or semipermeable to water, and where the total head of the system at the upper surface 
of the groundwater is equal to atmospheric pressure. For an unconfined or phreatic or water-table Isystem, 
when a well is drilled below the upper surface of the groundwater, the water level in the well does not rise 
to a significantly higher elevation. 

Semiconfined Conditions - Semiconfined conditions in a water-bearing layer are found where the 
groundwater is bounded vertically by opposed surfaces or layers that are less permeable to water than the 
water-bearing layer itself, and where the total head of the system is greater than atmospheric pressure. For 
a semiconfined system, when a well is drilled below the bottom of the upper semiconfining layer, the water 
level in the well rises to an elevation within or above the upper semiconfining layer. However, one or both 
of the semiconfining layers will be, in some fashion, in hydraulic and hydrologic communication with the 
water-bearing layer, and may contribute water to or receive water from that layer. 

4.0 RESPONSIBILITIES 

Proiect Manaper - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation procedures which deviate from those 
presented herein. 

Site Manager - It is the responsibility of the Site Manager to ensure that the procedures herein are 
implemented in the field and to ensure that personnel performing sampling activities have been briefed and 
trained to execute these procedures. 

,.,. 
Field Geologist - Responsible for determining the need for hydrogeologic testing and has overall 
responsibility for the planning and implementation of the test. Evaluation and interpretation of the data is 
also the responsibility of the Field Geologist. 
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Program Geologist - Responsible for QA/QC oversight of the planning and implementation of the test, along 
with the evaluation of data generated by the test. 

5.0 PROCEDURES 

The procedures presented in this section concern the administration and execution of well-head tests; the 
technical content ofagiven test will be established by the project and program management for each instance 
according to experience and best professional practice. 

5.1 Overview 

The well-head test will conform to the objectives of the investigation and to standards of good practice 
common in hydrogeologic investigations. Sufficient personnel, and sufficient standard and special 
equipment will be available for the intentions of the test. Data collection will conform to the practice 
described in SOP F202 (Water Level, Water/Product Level Measurements and Well Depth Measurernents); 
additionally, time will be measured and recorded no less precisely than the nearest minute or half-minute, 
as appropriate, while conforming to the intent of the test. Containment and disposal of discharged liquids 
will conform to the practice described in SOP F504 (Handling of Site Investigation Wastes). 

5.2 Apdications 

The well-head test will usually be divided into three stages: 

1. Static measurement 
2. Falling-head test 
3. Rising-head test 

Each stage will normally be run for no more than 30 minutes. The water level in the test well should recover 
to between 90 and 100 percent of static conditions before beginning the next stage. Should the recovery be 
less than acceptable after 30 minutes from the start ofthe first stage, or should other field conditions conspire 
adversely, the second stage will not be run. Measurements of recovery during the first stage may then be 
extended to 60 minutes. 

5.2.1 Static Measurement 

This stage ofthe well-head test provides the data on static conditions to be used in subsequent approximation 
of the aquifer parameters. The static water levels are to be measured no later than immediately prio.r to the 
first stage of the test, whether falling-head or rising-head. The levels should also have been measureid once 
daily, if possible, for two or more days preceding the test; the optimal measurement program would provide 
continuous measurement and recording of levels in all wells to be used for a period of several weeks 
preceding well-head testing. 
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5.2.2 Falling-Head Test 

The falling-head stage of the well-head test is usually conducted before the rising-head. This stage imposes 
a stress on the water-bearing layer by nearly instantaneously injecting water or introducing a solid slug of 
impermeable material at one point (the test well). This is usually repeated at a large number of the available 
wells in the well-field. The measurements of the rate of recovery of the drawdown in the well provides data 
used in approximation of the aquifer parameters. The falling head test is valid only when the screen is fully 
submerged at static conditions. 

5.2.3 Rising-Head Test 

The rising-head stage of the well-head test imposes a stress on the water-bearing layer by nearly 
instantaneously extracting water or removing a solid slug of impermeable material at one point (the test well). 
This is usually repeated at a large number of the available wells in the well-field. The measurements of the 
rate of recovery of the drawdown in the well provides data used in approximation of the aquifer parameters. 

5.3 Measurements and Measurement Intervals 

The measurement intervals for water levels in the test well during each stage will be modified from the 
following suggestions: 

Time Since Start of Test (min) Measurement Frequency (min) 

o-5 0.5 
5-10 1 
1 O-20 2 
20-60 5 

The actual time and the test time for each reading will be recorded, with the water level measured to a 
precision of 0.0 1 ft. 

The sequence of stations tested and the frequency of readings will be established by project and program 
management prior to the tests, and will be adjusted according to site conditions during the tests. The use of 
automatic data loggers is recommended due to the relatively fast recovery times ofthe small volume o.fwater 
removed/introduced. 

5.4 Calculation Methods 

Calculation ofthe approximate values ofthe aquifer parameters will follow standard practice, with particular 
reference to the resources of Section 7, or as otherwise noted in the calculation sequence. A computer 
program, may also be used; if the computer program is used, an example that has previously been verified 
by traditional calculation will be run as part of the data from the subject site. 
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6.0 QUALITY ASSURANCE RECORDS 

The readings made during the well-head test may be recorded in field books or on separate forms, according 
to management decisions. The field books will be stored according to SOP F303, with photocopies of the 
specific pages with test data included in the file for each test. The file for each test will include the field 
data, the calculations and graphs, and summaries with references for calculations by computer program. 

7.0 REFERENCES 

Chow, V.T. 1964. Handbook of Applied Hydrology. McGraw-Hill, New York. 

Lohman, SW. 1979. Ground-Water Hydraulics. Geological Survey Professional Paper 708. U.S. 
Government Printing Office. 

Freeze, R.A. and Cherry, J.A. 1979. Groundwater. Prentice-Hall, Englewood Cliffs. 

Driscoll, F.G., ed. 1986. Groundwater and Wells, 2nd ed. Johnson Filtration Systems, St. Paul 

.i ;. Duffield, G.M., Rambaugh, J. 0. 1989. AQTESOLV. Aquifer Test Solver-t, Version 1 .OO Documentation. 
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DECONTAMINATION OF SAMPLING AND 
MONITORING EQUIPMENT 

1.0 PURPOSE 

The purpose of this SOP is to provide a general methodology and protocol, and to reference information for 
the proper decontamination of field chemical sampling and analytical equipment. 

2.0 SCOPE 

This procedure applies to all field sampling equipment including, but not limited to, split-barrel soil sa.mplers 
(split-spoons), direct push samplers, bailers, beakers, trowels, filtering apparatus, and pumps. This procedure 
should be consulted when decontamination procedures are being developed as part of project-specific plans. 
Additionally, current USEPA regional procedures and decontamination guidance as well as state guidance 
should be reviewed. 

3.0 DEFINITIONS 

Decontamination - Decontamination is the process ofremovingor neutralizing contaminants which may have 
accumulated on field equipment. This process ensures protection of personnel from penetrating substances, 
reduces or eliminates transfer of contaminants to clean areas, prevents mixing of incompatible substances, 
and minimizes the likelihood of sample cross-contamination. 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Project Manager to ensure that project-specific plans are in 
accordance with these procedures. Documentation should be developed for areas where project plans ‘deviate 
from these procedures. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field. The Field Team Leader is responsible for ensuring field personnel performing 
decontamination activities have been briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of field sampling personnel to follow these procedures, or to 
follow documented, project-specific procedures as directed by the Field Team Leader. 

5.0 PROCEDURES 

In order to ensure that chemical analysis results reflect actual concentrations present at sampling locations, 
sampling equipment must be properly decontaminated prior to the field effort, during the sampling program 
(i.e., between sampling locations) and at the conclusion of the sampling program. This will minimize the 
potential for cross-contamination between sampling locations and the transfer of contamination off site. 

Preferably, sampling equipment should be dedicated to a given sampling location. If this is not possible, 
equipment must be decontaminated between sampling locations. Sampling personnel must use disposable 
gloves and change them between sampling locations. 
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5.1 SamDliw Eauipment Decontamination Procedures 

Soil and sediment sampling equipment including, but not limited to trowels, beakers, dredges, etc., :;hall be 
decontaminated using the following USEPA procedures. 

USEPA 

Prior to use, all sampling equipment should be carefully cleaned using the following procedure: 

1. Clean with tap water and laboratory detergent using a brush if necessary to lremove 
particulate matter and surface films. 

2. Rinse thoroughly with tap water. 

3. Rinse with 10 percent nitric acid rinse 

4. Rinse thoroughly with distilled-deionized water and allow to air dry. 

5. Rinse with methanol or hexane and allow to air dry. 

6. Rinse thoroughly with distilled-deionized water and allow to air dry. 

7. Wrap with aluminum foil, if appropriate, to prevent contamination if equipment is going to 
be stored or transported. 

* Portable power augers (such as the Little Beaver@) or large soil boring/drill rigs should be 
cleaned before boring or drilling operations. 

* For badly contaminated equipment, a hot water detergent wash may be needed prior 
to the rinse procedure. 

* If the samples will not be analyzed for metals, then steps 3 and 4 may be omitted; if samples 
will not be analyzed for organics, then step 5 may be omitted. All solvents must be 
pesticide-grade. 

5.2 Field Analytical Equipment Decontamination 

Field analytical equipment which may come in direct contact with the sample or sample media, including, 
but not limited to water level meters, water/product level meters, pH or specific ion probes, specific 
conductivity probes, thermometers, and/or borehole geophysical probes must be decontaminated before and 
after use, according to the procedures outlined in Section 5.1, unless manufacturers instructions indicate 
otherwise. Probes that contact water samples not used for laboratory analyses may be rinsed with distilled 
water. Probes which make no direct contact (e.g. HNu or OVA probes) will be wiped clean with clean paper 
towels or an alcohol-saturated cloth. 

H V6007\181 Phase\DocControl_Secrctaries\ProjectPlans~~pDRAFTFINL~ppendix E wpd 
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6.0 QUALITY ASSURANCE RECORDS 

Decontamination procedures are monitored through the collection of equipment rinsate samples and field 
blanks. Collection of these samples shall be specified in the project-specific Sampling and Analysis and 
Quality Assurance Plans. Documentation recorded in the field logbook also shall serve as a quality assurance 
record. 

7.0 REFERENCES 

U. S. EPA Office of Waste Program Enforcement, 1986. RCRA Ground Water Monitoring Technical L 
Enforcement Guidance Document (TEGD). OSWER Directive 9950.1. 

U. S. EPA, 1991. Standard Operatinp Procedures and Oualitv Assurance Manual. Environmental 
Compliance Branch, U. S. EPA Environmental Services Division, Athens, Georgia. 

Micham, J. T., R. Bellandi, E. C. Tiffi, Jr., Spring 1989. “Equipment Decontamination Procedures for 
Ground Water and Vadose Zone Monitoring Programs: Status and Prospects.” in Ground Water Monitoring 
Review. 
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DECONTAMINATION OF DRILLING RIGS AND 
MONITORING WELL MATERIALS 

1.0 PURPOSE 

The purpose of this SOP is to provide a general reference regarding the proper decontamination of drilling 
rigs and monitoring well materials used in the performance of field investigations. 

2.0 SCOPE 

This procedure addresses drilling equipment, test pit equipment (i.e. backhoe) and monitoring well material 
decontamination and should be consulted during the preparation of project-specific plans. This procedure 
does not pertain to personnel decontamination, or to chemical sampling or field analytical equipment 
decontamination. 

3.0 DEFINITIONS 

Decontamination - Decontamination is the process of removing or neutralizing contaminants which may have 
accumulated on field equipment. This process ensures protection of personnel from penetrating substances, 
reduces or eliminates transfer of contaminants to clean areas, prevents mixing of incompatible substances, 
and minimizes the likelihood of sample cross-contamination. 

4.0 RESPONSIBILITIES 

Proiect Manager - It is the responsibility of the Project Manager to ensure that project-specific plans are in 
accordance with these procedures. Documentation should be developed for areas where project plans deviate 
from these procedures. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field. The Field Team Leader is responsible for ensuring the field personnel overseeing 
decontamination activities, and personnel conducting the activities have been briefed and trained to execute 
these procedures. 

Drilling Inspector (Site Geologist, Rig Geologist etc.) - It is the responsibility of the drilling inspector to 
ensure that the drilling subcontractor follows these, or other project-specific procedures as directed by the 
Field Team Leader. 

5.0 PROCEDURE 

The various drilling equipment and materials involved with test boring, test pit excavation, subsurface soil 
sampling, and monitoring well construction must be properly decontaminated to ensure that chemical 
analysis results reflect actual concentrations present at sampling locations. These procedures will minimize 

\ the potential for cross contamination between sampling locations and the transfer of contamination (off site. 
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5.1 Equipment 

All drilling equipment involved in field sampling activities shall be decontaminated prior to drilling, 
excavation, or sampling activities. Such equipment includes drilling rigs, backhoes, augers, downhole tools, 
well casings, and screens. Split-spoon soil samplers and other similar soil sampling devices shall be 
decontaminated according to the procedures given in SOP F502, Decontamination of Sampling and 
Monitoring Equipment. 

5.2 Decontamination Procedures 

Prior to drilling, or leaving the site, large equipment not directly utilized for sampling will be decontaminated 
by steam-cleaning in a designated area. The decontamination procedure consists of steam-cleaniing the 
equipment, using potable water as the steam source, to remove visible signs of soils or wastes, and allowing 
the equipment to air dry. If necessary, the equipment may be cleaned with a scrub brush and 
alconox/liquinox-water solution prior to steam cleaning to remove visible signs of contamination. 

The steam cleaning area will be designed to contain decontamination wastes and waste waters, and can be 
a lined, excavated pit or a bermed concrete pad or asphalt pad. For the latter, a floor-drain must be provided 
which is connected to a holding sump. A shallow, above-surface tank may be used or a pumping system with 

?1 discharge to a waste tank may be installed. 

At certain sites, due to the type of contaminants or proximity to residences, concerns may exist ablout air 
emissions from steam cleaning operations. These concerns can be alleviated by utilizing one or more of the 
following practices: 

0 Locate the steam cleaning area on site to minimize potential impacts. 

0 Enclose steam cleaning operations. For example, augers and drilling rods can be steam 
cleaned in drums. Tarpaulins also can be placed around the steam cleaning area to control 
emissions. 

Decontamination wastes will be collected and contained unless otherwise directed by the Regulatory Agency. 
The eventual disposition of these wastes will be determined on a project-specific basis, but may include on- 
site treatment and/or transport off site to an approved treatment/disposal facility. 

6.0 QUJALITY ASSURANCE RECORDS 

Rinsate samples may be collected from steam-cleaned equipment as quality assurance records The 
frequency of rinsate samples from either drilling tools or well casings/screens shall be specified in 
the Sampling and Analysis and Quality Assurance Project Plans for a given project, as appropriate. 
Documentation in the field logbook also shall serve as a quality assurance record of decontamination 
activities. 

, -.,_ 
7.0 REFERENCES 

None. 
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ON-SITE WATER QUALITY TESTING 
(FIELD PARAMETERS) 

1.0 PURPOSE 

This SOP describes the procedures and equipment required to measure the following parameters of 
an aqueous sample in the field: 

0 PH 
0 Specific Conductance/Salinity 
0 Temperature 
0 Dissolved Oxygen Concentration (DO) 
0 Turbidity (Secchi Disc) 
0 Oxidation Reduction Potential (ORP) 

The first three are the usual field parameters; dissolved oxygen, and ORP, may be used in particular 
applications according to project requirements. 

2.0 SCOPE 

These procedures are applicable for use in an on-site water quality monitoring program to be 
conducted during a Remedial Investigation or Site Investigation at a hazardous or nonhazardous site. 
The procedures and equipment described are applicable to nearly all aqueous samples, including 
potable well water, monitoring well water, surface water, leachate and drummed water, etc. 

This procedure provides generic information for measuring the parameters listed above with 
instruments and techniques in common use. Since instruments from different manufacturers may vary, 
review of the manufacturer’s literature pertaining to the use of a specific instrument is required before 
use. 

3.0 DEFINITIONS 

Conductance - A measurement of water’s capacity for conveying electrical current and is directly 
related to the concentrations of ionized substances in the water. The units of measurement for 
conductance (mhos) are the inverse of ohms, the unit commonly used to express resistance. 
Conductivity and specific conductance are used synonymously. 

Electrolvtic Cell - An electrochemical cell in which electrical energy is supplied from an external 
source. This cell functions in much the same way as a galvanic cell, only in the opposite direction due 
to the external source of applied voltage. 

Galvanic Cell - An electrochemical cell in which chemical energy is spontaneously converted to 
electrical energy. The electrical energy produced is supplied to an external circuit. 

Oxidation - The process in which an atom or group of atoms loses electrons to achieve an increasing 
positive charge. 
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pIJ - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is 
related to the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. 
Thus, for all practical purposes, pH is a measure of the hydrogen ion concentration. The rang,e of pH 
is 0 to 14 standard units. 

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals 
and solutions, resistance is defined by Ohm’s Law, E = IR, where E is the potential difference (in units 
of volts), I is the current (in units of Amperes), and R is the resistance (in units of ohms). 

Turbiditv - An optical property of water that causes light to be scattered or absorbed in the water, 
resulting in decrease in water transparency. It is a function of at least three variables: 1) dissolved 
chemicals, such as tannins, acids, or salts; 2) suspended particles, such as silt, clay, and organic 
matter; and, 3) density of microbial and planktonic life. 

Salinity refers to the total amount of soluble salts in water, either naturally or added to the environment 
as pollutants. 

ORP - Oxidation reduction occurs when electrons are transformed from one atom to another during 
a chemical reaction. The atom losing electrons is said to be “oxidized”, while the atom gaining 
electrons is termed “reduced”. ORP is typically measured using a platinum electrode, attaclhed to a 
pH meter, which is set to read in millivolt mode. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. 
The Project Manager is responsible for determining which on-site water quality measurements shall 
be made, the data quality objectives (DQOs) for these measurements, and for ensuring that these 
measurements are made in accordance with project-specific plans. 

Field Team Leader - The Field Team Leader is responsible for determining that these water quality 
measurement procedures are implemented in the field in accordance with this SOP, or in accordance 
with project-specific plans, and to ensure that personnel performing sampling activities have been 
briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these procedures 
for collecting on-site water quality measurements including instrument calibration, quality control and 
recording of results, as well as care and maintenance of the instruments in the field. 

5.0 PROCEDURES 

The following sections provide general procedures for collecting pH, specific conductance/salinity, 
temperature, dissolved oxygen concentration, turbidity and ORP measurements. 

Note: Though there are “multi-parameter” meters on the market today that can simultaneously 
measure the following parameters, only measurement with “parameter specific” meters will be 
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discussed. If using a multi-parameter meter, all manufacturers instructions for that specific mo$el will 
be followed for calibration, maintenance and care. 

5.1 Measurement of pH 

Measurement of pH is one of the most important and frequently used tests in water che:mistry. 
Practically every phase of water supply and wastewater treatment, such as acid-base neutralization, 
water softening, and corrosion control, is pH dependent. Likewise, the pH of leachate can be 
correlated with other chemical analyses to determine the probable source of contamination. It is 
therefore important that reasonably accurate pH measurements be taken. 

Measurements of pH also can be used to check the quality and corrosivity of soil and solid waste 
samples. However, these samples must be immersed in water prior to analysis; specific measurement 
techniques for solids are not described here. 

5.1.1 Principles of Equipment Operation 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies 
on the establishment of a potential difference across a glass or other type of membrane. The membrane 
is conductive to ionic species and, in combination with a standard or reference electrode, a potential 
difference proportional to hydrogen ion concentration can be generated and measured. 

5.1.2 Equipment 

The following equipment and reagents are needed for taking pH measurements: 

0 Laboratory-prepared buffer solutions of pH 4, 7 and 10, or other buffers which 
bracket the expected pH range. 

5.1.3 Measurement Techniques for Field Determination of pH 

A. pH Meter 

Standardization, calibration, and operation and maintenance shall be performed 
according to the manufacturers instructions for the “specific” model being used. The 
following general procedure is used for measuring pH with a pH meter: 

1. The batteries shall be checked to make sure that they are fully charged and 
the instrument shall be calibrated prior to initiation of the field effcbrt. 

2. Immerse the tip of the electrodes in water overnight. If this is not possible 
due to field conditions, immerse the electrode tip in water for at least an hour 
before use. The electrode tip may be immersed in a rubber or plastic sack 
containing buffer solution for field transport or storage. 

3. Turn meter on and allow it to stabilize for 3 to 5 minutes. 
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4. Make sure all electrolyte solutions within the electrode(s) are at their proper 
levels and that no air bubbles are present within the electrode(s). Shake 
electrode as if a mercury thermometer to move air bubbles from the tip to the 
top. 

5. Calibration procedures should be performed: 
Following significant ambient temperature changes 
When meter reads erratically 
At beginning and middle of each day of use 

6. When the meter is moved to a new sampling location, a single-point 
check/calibration should be performed with pH 7 buffer. 

7. Immerse the electrode(s) in the unknown solution, slowly stirring the probe 
until the pH stabilizes. Stabilization may take several seconds to minutes. If 
the pH continues to drift, the sample temperature may not be stable, a 
chemical reaction (e.g., degassing) may be taking place in the sample, or the 
meter or electrode may be malfunctioning. This must be clearly noted in the 
logbook. 

8. After adjusting the temperature compensator to the sample temperature, read 
and record the pH of the solution. The pH value shall be recorded to the 
nearest 0.1 pH unit. Also record the sample temperature. All measurements 
shall be recorded in the Field Logbook. 

9. Upon completion of measurement and removal of the electrode from the 
sample, the electrode shall be thoroughly rinsed with deionized water. 

10. The electrode(s) shall remain immersed in storage solution provided, or pH 
buffer 4 water when not in use. 

The sample used for pH measurement shall never be saved for subsequent 
conductivity or chemical analysis. All pH electrodes leak small quantilties of 
electrolytes (e.g., sodium or potassium chloride) into the solution. Precipitation of 
saturated electrolyte solution within the electrode, especially at colder temperatures, 
or in cold water, may result in slow electrode response. Any visual observation of 
conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, shall be noted in the Field Logbook. 

5.2 Measurement of Specific Conductance/Salinity 

Conductance provides a measure of dissolved ionic species in water and can be used to suggest the 
direction and extent of migration of contaminants in groundwater or surface water. Salinity refers to 
the total amount of soluble salts in water, either naturally or added to the environment as pollutants. 
One basic measure of salinity is the ability of water to conduct electric current, and, therefore, a 
measurement of specific conductance provides a measurement of salinity and the same instrument can 
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be used. Salinity measurements are important in ecological field investigations because flora and 
fauna can be limited in their distribution based on the salinity of the sampled waters. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. 
This value depends on the total concentration of the ionized substances dissolved in the water and the 

temperature at which the measurement is made. The mobility of each of the various dissolved ions, 
their valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance and salinity measurement soon after taking a sample, 
since temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all 
affect the specific conductance. 

5.2.1 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the 
positive ions (cations) migrate toward the negative electrode (cathode), while the negatively (charged 
ions (anions) migrate toward the positive electrode (anode). Most inorganic acids, bases and salts 
(such as hydrochloric acid, sodium carbonate, or sodium chloride, respectively) are relatively good 
conductors. Conversely, organic compounds such as sucrose or benzene, which do not disassociate 
in aqueous solution, conduct a current very poorly, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be 
used for measurement of electrical resistance. The ratio of current applied to voltage across the cell 
also may be used as a measure of conductance. The core element of the apparatus is the conductivity 
cell containing the solution of interest. Depending on ionic strength of the aqueous solution to be 
tested, a potential difference is developed across the cell which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

5.2.2 Equipment 

A portable conductivity meter, probe and thermometer are needed for taking specific conductance and 
salinity measurements. A variety of conductivity meters are available which also may be used to 
monitor salinity and temperatures. Probe types and cable lengths vary, so equipment may be obtained 
to meet the specific requirements of the sampling program. 

5.2.3 Measurement Techniques for Specific Conductance/Salinity 

Standardization, calibration, and operation and maintenance shall be performed according to 
manufacturers instructions for the “specific” model being used. The general steps involved in taking 
specific conductance and salinity measurements are listed below. 

1. Check batteries to make sure they are fully charged and calibrate instrument before 
going into the field. 

2. Calibrate the instrument daily when used. Potassium chloride solutions with a 
specific conductance closest to the values expected in the field shall be used. 
Calibration information shall be recorded in the field logbook. 
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3. Turn meter on and allow it to stabilize for 3 to 5 minutes. 

4. Calibration procedures should be performed: 
- Following significant ambient temperature changes 
- When meter reads erratically 
- At beginning and middle of each day of use 

5. Pour approximately 50 to 100 ml of sample into a rinsed plastic cup. Immerse the 
electrode in the sample and measure the conductivity and salinity. If specified, adjust 
the temperature setting to the sample temperature. 

6. Read and record the results field in the logbook. 

7. If the meter does not compensate for temperature variations, the corrections given in 
Attachment A shall be applied. 

8. On some meters, specific conductivity and salinity measurements may need to be 
reported with the associated temperature measurement. If the conductivity and 
salinity has been corrected, the measurements shall be reported as “corrected to 
25 “C.” (Attachment A) 

a. Do not take readings if the sample temperature is less than 10” C, because 
the calibration curve no longer follows a straight line below this temperature. 
If necessary, heat the sample in your vehicle to at least 10” C. 

b. Measure the sample temperature to the nearest 0.1’ C to comply with SW- 
846. 

C. Only report results to the nearest two significant digits for the most 
circumstances, because of the inherent inaccuracy in the test and conversion 
procedure. 

examples: 
0 a calculated reading of 2353 umhos/cm @ 25’ C should be reported as 2400 

umhos/cm @ 25’ C 
0 a calculated reading of 2325 should be reported as 2300 
0 a calculated reading of 337 should be reported as 340 
0 etc. 

5.3 Measurement of Temperature 

In combination with other parameters, temperature can be a useful indicator of the likelihood of 
biological action in a water sample. It can also be used to trace the flow direction of contaminated 
groundwater. Temperature measurements shall be taken in-situ, or as quickly as possible in the field 
prior to sample collection, Collected water samples may rapidly equilibrate with the temperature of 
their surroundings. 
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5.3.1 Equipment 

Temperature measurements may be taken with Thermistor, alcohol-toluene, mercury or bimetal 
thermometers. In addition, most meters such as specific conductance or dissolved oxygen meters, 
which have temperature measurement capabilities, may also be used. Using such instrumentation 
along with suitable probes and cables, in-situ measurements of temperature can be performed. 

5.3.2 Measurement Techniques for Water Temperature 

If a thermometer is used on a collected water sample: 

1. Visually inspect thermometer to ensure that there is not a break in the mercury 
column. If there is a break, the spare thermometer will be visually inspected. If both 
thermometers have a break in the mercury, neither will be used until the break is 
corrected. This will be done by cooling the bulb until the mercury is contained 
within the bulb. 

2. Immerse the thermometer in the sample until temperature equilibrium is obtain.ed (l-3 
minutes). To avoid the possibility of contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

3. Record values in a field logbook to the nearest 0.5 or 0.1 “C, depending on ,the 
measurement device used. 

If a temperature meter or probe is to be used, the instrument shall be calibrated according to the 
manufacturer’s recommendations with an approved thermometer. 

5.4 Measurement of Dissolved Oxygen Concentration 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms, as well 
as the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible, 
DO measurements shall be taken in-situ, since concentration may show a large change in a short time, 
if the sample is not adequately preserved. Other means of sample preservation may involve directing 
the sample flow, from the well, directly into a flow cell, which limits sample/air contact. 

The method discussed here is limited to the use of dissolved oxygen meters only. Chemical methods 
of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample 
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted 
waters, because the probe is completely submersible. DO meters also are free from interference 
caused by color, turbidity, colloidal material or suspended matter. 

5.4.1 Principles of Equipment Operation 
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DO probes normally are electrochemical cells that have two solid metal electrodes of different 
potential immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable membrane. 
The metal of higher nobility (the cathode) is positioned at the membrane. When a suitable potential 
exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the cathode 
surface. An electrical current is developed directly proportional to the rate of arrival of oxygen 
molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, but to leave the surface 
of the solution undisturbed. 

DO probes are relatively free of interferences. Interferences that can occur are reactions with 
oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide which are not easily 
depolarized from the indicating electrode. If gaseous interference is suspected, it shall be noted in the 
Field Logbook and checked if possible. Temperature, pressure, and salinity variations also can cause 
interference. Automatic temperature compensation normally is provided by the manufacturer. 
Attachment B presents variations of DO in water as a fraction of temperature and pressure. Salinity 
should be compensated in accordance with the manufactures instructions. 

5.4.2 Equipment 

A portable conductivity meter, probe and thermometer are needed for taking specific conductance and 
salinity measurements. A variety of conductivity meters are available which also may be used to 
monitor salinity and temperatures. Probe types and cable lengths vary, so equipment may be o‘btained 
to meet the specific requirements of the sampling program. 

5.4.3 Measurement Techniques for Dissolved Oxygen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions for the specific model 
being used to obtain an accurate reading. The following general steps shall be used to measure the 
DO concentration. 

1. 
2. 

Calibrate equipment and check batteries before going to the field. 
The probe shall be conditioned in a water sample for as long as practical before use 
in the field. Long periods of dry storage followed by short periods of use in the field 
may result in inaccurate readings. 

3. The instrument shall be calibrated in the field before each measurement or g,roup of 
closely spaced measurements by placing the probe in a freshly air-saturated water 
sample of known temperature. 
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4. Immerse the probe in the sample. Be sure to provide for sufficient flow past the 
membrane, either by stirring the sample, or placing the probe in a flowing stream. 
Probes without stirrers which are placed in wells should be moved up and down. 

5. Record the dissolved oxygen content and temperature of the sample in a field 
logbook. 

6. Recalibrate the probe when the membrane is replaced, or following similar 
maintenance, or as needed. Follow the manufacturer’s instructions. 

Note that in situ placement of the probe is preferable, since sample handling is not involved. This, 
however, may not always be practical. Be sure to record whether the liquid was analyzed in situ, or 
whether a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen dissolution and positive test interferences. 

5.5 Measurement of Turbidity 

Turbidity is caused by fine particles suspended in the water which cause light to scatter, ratlher than 
traveling in a straight line. Clay, silt, plankton, and other microorganisms are all examples of 
particulates that cause turbidity. 

Most portable field turbidity meters display results in Nephelometric Turbidity Units (NT&). This 
process determines the turbidity level of measuring the amount of light scattered 90” by the suspended 
particles, by a light of known strength beamed through the solution. 

5.5.1 Equipment 

A portable turbidity meter, sample vials, standard solutions, and sample cap are typically needed. 

5.5.2 Measurement Techniques for Turbidity Measurement 

Follow the manufacturers instructions, for the “specific” model being used. The following general 
steps shall be used to measure turbidity. 

1. Calibrate equipment and check batteries, or charge status. 

2. Turn on meter and allow to stabilize. 

3. Fill a sample vial completely with sample to be obtained, and place cap on vial. 

4. Insert vial into light chamber. (Align vial into chamber the same way each time, by 
making use of tick marks on vial lid). Cover vial with cap. 

5. Switch meter to appropriate range and read. Record results into log book. 
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6. Rinse vials with distilled water between each sample. 

7. Calibration procedures should be performed: 
Following significant ambient temperature changes 
When meter reads erratically 
At beginning and middle of each day of use. 

5.6 Measurement of Oxidation Reduction Potential 

Oxidation reduction occurs when electrons are transformed from one atom to another during a 
chemical reaction. The atom losing electrons is said to be “oxidized”, while the atom gaining electrons 
is termed “reduced”. ORP is typically measured using a platinum electrode, attached to a pH meter, 
which is set to read in millivolt mode. 

5.6.1 Equipment 

Though there are ion specific meters for ORP on the market, their very small size and shape do not 
coincide well with typical multi-parameter set-ups in the field. Typically a pH meter, fitted with a 
special ORP electrode is used. 

5.6.2 Measurement Techniques 

At present, only a check solution is available on the market, which is used to verify the performance 
of the electrode. If the probe reads +/- a certain percentage of the solutions stated value then the 
electrode is assumed to be in proper working condition. 

1. Check batteries and calibrate (check) meter/electrode before heading into the field. 

2. Switch pH meter so that it’s in the millivolt (mV) mode. 

3. Place electrode in sample solution and read results in mV’s. Record results in field 
log book. 

4. Rinse electrode with distilled water. 
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6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records for on-site water quality management consists principally of observations 
and measurements recorded in the field logbook. 

7.0 REFERENCES 

American Public Health Association, 1980. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition, APHA, Washington, D.C. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data 
Acquisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Departrzf 
the Interior, Reston, Virginia. 

H.Ub00Al81 PHASE\DOCCONTROL_SECRETARlES\PROJECTPLANS~S.~PDRAFTFlNL~PPENDlX G.WPD 



ATTACHMENT A 

SPECIFIC CONDUCTANCE CONVERSION TABLE 

H~\2600Al81 PH.4SE\DOCCONTROL~SECR~TARlES\PROJECTPLANPPENDlX G WPD 



ATTACHMENT A 
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Temperature Calculated Temperature Calculated Temperature Calculated Temperature Calculated Temperature Calculated 
Degrees C Multiplier Degrees C Multiplier Degrees C Multiplier Degrees C Multiplier Degrees C Multiplier 

10 1.402 12 1.330 14 1.266 16 1.208 20 1.106 
10.1 1.398 12.1 1.327 14.1 1.263 16.1 1.205 20.1 1.103 
10.2 1.394 12.2 1.324 14.2 1.260 16.2 1.202 20.2 1.101 
10.3 1.390 12.3 I .320 14.3 1.257 16.3 1.199 20.3 1.099 
10.4 1.387 12.4 1.317 14.4 1.254 16.4 1.197 20.4 1.096 
10.5 1.383 12.5 1.314 14.5 1.251 16.5 1.194 20.5 1.094 
10.6 1.379 12.6 1.310 14.6 1.248 16.6 1.191 20.6 1.092 
10.7 1.376 12.7 1.307 14.7 1.245 16.7 1.188 20.7 1.089 
10.8 1.372 12.8 1.304 14.8 1.242 16.8 1.186 20.8 1.087 
10.9 1.369 12.9 1.301 14.9 1.239 16.9 1.183 20.9 1.085 
11 1.365 13 1.297 15 1.236 17 1.180 21 1.083 

11.1 1.361 13.1 1.294 15.1 1.233 17.1 1.178 21.1 1.080 
11.2 1.358 13.2 1.291 15.2 1.230 17.2 1.175 21.2 1.078 
11.3 1.354 13.3 1.288 15.3 1.227 17.3 1.172 21.3 1.076 
11.4 1.351 13.4 1.285 15.4 1.225 17.4 1.170 21.4 1.074 
11.5 1.347 13.5 1.281 15.5 1.222 17.5 1.167 21.5 1.072 
11.6 1.344 13.6 1.278 15.6 1.219 17.6 1.165 21.6 1.069 
11.7 1.341 13.7 1.275 15.7 1.216 17.7 1.162 21.7 1.067 
11.8 1.337 13.8 1.272 15.8 1.213 17.8 1.159 21.8 1.065 
11.9 1.334 13.9 1.269 15.9 1.210 17.9 1.157 21.9 1.063 
22 1.061 24 1.019 26 0.98 1 28 0.946 30 0.913 

22.1 1.059 24.1 1.017 26.1 0.979 28.1 0.944 30.1 0.911 
22.2 1.057 24.2, 1.016 26.2 0.978 28.2 0.942 30.2 0.910 
22.3 1.054 24.3 1.014 26.3 0.976 28.3 0.941 30.3 0.908 
22.4 I .052 24.4 1.012 26.4 0.974 28.4 0.939 30.4 0.905 
22.5 1.050 24.5 1.010 26.5 0.972 28.5 0.937 30.5 0.905 
22.6 1.048 24.6 1.008 26.6 0.970 28.6 0.936 30.6 0.903 
22.7 I.046 24.7 1.006 26.7 0.969 28.7 0.934 30.7 0.902 
22.8 1.044 24.8 I .004 26.8 0.967 28.8 0.932 30.8 0.900 



ATTACHMENT A (Continued) 
SPECIFIC CONDUCTANCE CONVERSION TABLE 

Temperature Calculated 
Degrees C Multiplier 

22.9 1.042 
23 1.040 

23.1 1.038 
23.2 1.036 

23.3 1.034 
23.4 1.032 

Temperature Calculated Temperature 
Degrees C Multiplier Degrees C 

24.9 I .002 26.9 

25 1 .ooo 27 
25.1 0.998 27. I 
25.2 0.996 27.2 

25.3 0.994 27.3 
25.4 0.992 27.4 

Calculated Temperature 
Multiplier Degrees C 

0.965 28.9 
0.963 29 
0.96 I 29. I 
0.960 29.2 

0.958 29.3 
0.956 29.4 

Calculated Temperature Calculated 
Multiplier Degrees C Multiplier 

0.93 I 30.9 0.899 
0.929 31 0.897 

0.927 31.1 0.896 
0.926 31.2 0.894 
0.924 31.3 0.893 
0.922 31.4 0.891 

Notes: 
Do not make specific conductance measurements at temperatures below 10” C. 
Measure temperature to the nearest 0.1’ C. 
Report all conductivities at 25” C, to two significant digits. 
This conversion table is based on a temperature coefficient of 0.0 19 1 (as per SW- 846) and a ceil constant of 1, where the ratio of conductivity at 25 C to the conductivity 
at temperature to C equals l/(1+0.0191 [t-25]). 
The temperature coefficient and cell constants are only approximate, actual values may differ. 
The more the temperature deviates from 25” C, the greater the uncertainty in applying the temperature correction. 

- 



ATTACHMENT B 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY 

H.U600A181 PHASEU)OCCONTROL~SECRETAKIES\PROJECTPLANS\FSAPDRAFTFlNL\APPENDlX G WPD 



2.Dissolved Oxygen mg/I 
2.1 .Chloride Concentration in Water 

2.1.1.0 
2.1.2.5,OOO 
2.1.3.10,OOO 
2.1.4.15,ooo 
2.1.5.20,OOO 

2.2.Differencel 
100 mg chloride 

Temperature ’ C 

0 T 14.6 13.0 12.1 11.3 0.017 

11.8 11.0 0.106 

11.5 10.8 0.015 

11.2 10.5 0.015 

11.0 10.3 0.014 

10.7 10.0 0.014 

13.8 

13.4 

13.1 

12.7 

12.4 

12.1 

11.8 

11.5 

11.2 

11.0 

10.7 

10.5 

10.3 

10.1 

9.9 

9.7 

12.6 1 14.2 

12.3 

12.0 

11.7 

11.4 

2 13.8 

3 13.5 

4 13.1 

5 12.8 

11.1 10.5 9.8 0.014 

10.9 10.2 9.6 0.013 

6 12.5 

7 12.2 
I 

10.6 / 10.0 / 9.4 10.6 / 10.0 j 9.4 / 0.013 0.013 8 11.9 

10.4 9.2 10.4 9.8 

10.1 9.6 

9.9 9.4 

9.7 9.2 

9.5 9.0 

9.3 8.8 

9.2 

10.1 
I I 

9.6 9.0 9.0 

8.8 

8.6 

9.9 9.4 8.8 

9.7 9.2 8.6 

9.5 9.0 8.5 

9.3 8.8 8.3 

8.5 

8.3 

0.012 0.012 
-- 

0.012 0.012 
-- 

0.011 0.011 
-- 

0.011 0.011 
-- 

0.011 0.011 

9 11.6 

10 11.3 

11 1 I.1 

12 10.8 

0.010 0.010 

9.1 8.6 1 8.1 / 0.010 

H326OOAl8, PHASE\DOCCONTROL_SECRETARIES\PROlECTPL.4NS\FSAPDRAFTFINLL9PPENDIXG WPD 

_ .___ _,. ,_,I..” “..: .,.._. _-_~ _- . . . . _ - ;r ,... __,_ ._ .-,i_. _.__ _ ___ -.. 



oncentratlon m Water 
2.1.1.0 

2.1.2.5,OOO 
2.1.3.10,OOO 
2.1.4.15,ooo 
2.1.5.20,OOO 

2.2.Differencei 
100 mg chloride 

H:V6007\181 PHAS~DOCCONTROL_SECRETARIES\PROJECTPLANS~SAPD~FTFlNL~PPENDlX GWPD 
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WATER LEVEL, WATER-PRODUCT LEVEL MEASUREMENTS, AND 
WELL DEPTH MEASUREMENTS 

1.0 PURPOSE 1.0 PURPOSE 

The purpose of this procedure is to describe the method of determining various down-hole measurements: 
groundwater levels and product (or non-aqueous phase liquid, NAPL) levels, if present, and total depth of 
groundwater monitoring wells and piezometers. 

2.0 SCOPE 

The methods described in this SOP generally are applicable to the measurement of groundwater levels, 
product or NAPL levels, and well depths in monitoring wells and piezometers. 

3.0 DEFINITIONS 

None. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. 

Field Team Leader - The Field Team Leader is responsible for ensuring that these procedures are 
implemented in the field, and for ensuring that personnel performing these activities have been briefed and 
trained to execute these procedures. 

Samuling Personnel - It is the responsibility ofthe sampling personnel to follow these procedures or to follow 
documented, project-specific procedures as directed by the Field Team Leader and/or the Project Manager. 
The sampling personnel are responsible for the proper acquisition of down-hole measurements. 

5.0 PROCEDURES 

Calculations of groundwater elevations and product or NAPL interface level measurements collected from 
a monitoring well give an indication of: 

0 The horizontal hydraulic gradient and the direction of groundwater flow. 

0 The vertical hydraulic gradient, if well nests are used (i.e., the direction of groundwater flow 
in the vertical plane). 

0 Floating or sinking product thicknesses which are also known as Light Non-Aqueous Phase 
Liquids (LNAPLs) and Dense Non-Aqueous Phase Liquids (DNAPLs), respective:ly. 
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This information, when combined with other site specific information such as hydraulic conductivity or 
transmissivity, extent of contamination, and product density, may be used to estimate the rate ofcontaminant 
movement or source areas, etc. 

Well depth is one of the factors used to determine the zone that a well monitors. Well depth also is used in 
the calculation of purge volumes as discussed in SOP F104, Groundwater Sample Acquisition. 

The following sections briefly discuss the procedures for measuring groundwater levels, product or NAPL 
levels, and well depth. For all ofthe procedures discussed, it is assumed that the measurement will be taken 
from the top of the PVC or stainless steel casing (though other measuring points can be used), and that 
horizontal and vertical control is available for each well through a site survey, such that measuremen,ts may 
be converted to elevations above Mean Sea Level (MSL) or some other consistent datum. A permanent 
notch, placed on the inner PVC or stainless steel casing by the surveyor will facilitate consistent water level 
measurements. 

The manufacturer’s instructions for all equipment referenced herein should be read by the equipment j 
operator(s) and accompany the equipment to the field. 

5.1 Water Level Measurement 

Water levels in groundwater monitoring wells shall be measured from the permanent point indicated at the 
top of the inner casing (the surveyed elevation point, as marked by the surveyor), unless otherwise specified 
in the project plans, using an electronic water level measuring device (water level indicator). The point of 
measurement will be documented in the field logbook if different from the top of the inner casing. The 
reason for deviating from the measurement point should also be noted. 

Water levels are measured by lowering the probe into the well until the device indicates that water has been 
encountered, usually with either a constant buzz, or a light, or both. The water level is recorded to the 
nearest foot (0.01) using the graduated markings on the water level indicator cord. This measuremem, when 
subtracted from the measuring point elevation, yields the groundwater elevation. 

Groundwater levels shall always be measured to the nearest 0.01 foot. However, reporting of water level 
elevations depends on the accuracy of the vertical control (typically either 0.1 or 0.01 foot). 

5.2 Product or NAPL Level Measurements 

The procedure for product or NAPL level measurement is nearly identical to that for groundwater elevation 
measurements. The only differences are the use of an interface probe that detects both NAPLs and water, 
and the indication signal given by the measurement device. Typically, encountering NAPLs in a monitoring 
well is indicated by a constant sound. When water is encountered, the signal becomes an alternating on/off 
beeping sound. This allows for the collection of measurements for both the top of the NAPL layer in a well 
and the water/NAPL interface. 

The apparent water table elevation below the product level will be determined by subtracting the “depth to 
water” from the measuring point elevation. The corrected water table elevation will then be calculateId using 
the following equation: 
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WTE, = WTE, + (Free Product Thickness x 0.80) 

Where: 

WTE, = 
WTE, = 
0.80 = 

Corrected water table elevation 
Apparent water table elevation 
Average value for the density of petroleum hydrocarbons. Site-specific d,ata will 
be used where available. 

5.3 Well Detdh Measurements 

Well depths typically are measured using a weighted measuring tape. A water level meter may also be used. 
The tape is lowered down the well until resistance is no longer felt, indicating that the weight has touched 
the bottom of the well. The weight should be moved in an up and down motion a few times so that 
obstructions, if present, may be bypassed. The slack in the tape then is collected until the tape is taut. The 
well depth measurement is read directly off of the measuring tape, at the top of the PVC or stainless steel 
casing, to the nearest 0.0 1 -foot and recorded in the Field Logbook. If a water level indicator is used, add the 
distance from the bottom of the probe to the point where water levels are measured. 

5.4 Decontamination of Measuriw Devices 

Water level indicators, interface probes and weighted measuring tapes that come in contact with grourtdwater 
must be decontaminated using the following steps after use in each well: 

l Rinse with potable water 
0 Rinse with deionized water 
0 Rinse with Methanol or Isopropanol 
0 Rinse with deionized water 

Portions of the water level indicators or other similar equipment that do not come into contact with 
groundwater, but may encounter incidental contact during use, need only undergo potable water and 
deionized water rinses. 

6.0 QUALITY ASSURANCE RECORDS 

The Field Logbook shall serve as the quality assurance record for water, product level or well depth 
measurements. 
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PHOTOIONIZATION DETECTOR (PID) 
HNu MODELS PI 101 and DL 101 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using the HNu Model PI 10 11 or DL 
101 photoionization detector (PID), or an equivalent or similar instrument, in the field. Calibrati.on and 
operation, along with field maintenance will be included in this SOP. 

2.0 SCOPE 

This procedure provides information on the field operation and general maintenance of the HNu PID. 
Application of the information contained herein will ensure that this type of field monitoring equipment will 
be used properly. Review of the manufacturer’s instruction manual is necessary for more complete 
information. 

These procedures refer only to monitoring for health and safety. The methods are not directly applicable to 
surveillance of air quality for analytical purposes. 

3.0 DEFINITIONS 

Ionization Potential - In this case, a numeric equivalent that expresses the amount of energy needed to replace 
an electron with a photon. This energy is further defined in terms of electron volts (eV). 

PIJ - Photoionization Detector 

~JXJI - parts per million: parts of vapor or gas per million parts of air (directly proportional to calibration 
gas). 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans, are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for selecting qualified individuals for the monitoring activities. 

Proiect Health and Safetv Officer (PHSO) - The Project Health and Safety Officer is respons:ible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these procedures in the 
field, and to ensure that the Field Investigation Personnel performing air monitoring activities, have been 
briefed and trained to execute these procedures before the start of site operations. 

. . 
Site Health and Safetv Officer (SHSO) - The SHSO is responsible for ensuring that the specified air 
monitoring equipment is on site, calibrated, and used correctly by the Field Personnel. The SHSO will 
coordinate these activities with the Field Team Leader. 
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Field Investigation Personnel - It is the responsibility of the Field Investigation Personnel to follow these 
procedures or to follow documented project-specific procedures as directed by the Field Team Leader/Site 
Health and Safety Officer. The Field Investigation Personnel are responsible for documenting all air 
monitoring results in both the Field Logbook and the daily Realtime Air Monitoring Log during each field 
investigation. 

5.0 PROCEDURES 

The HNu PID utilizes the principle ofphotoionization whereby contaminant molecules enter the ion chamber 
and electrons are displaced by ultraviolet photons producing positive ions. These displaced positive ions are 
in turn collected on a special electrode. As the positive ions collect on the electrode, they create an electrical 
current which is amplified and displayed on the meter as a concentration in parts per million (ppm). 

The HNu PID is only effective for contaminants that have ionization potentials (IP) of less than or equal to 
the electron volt (eV) capacity of the lamp (i.e., methane, having an IP of 12.98 eV, will not be detected at 
a lamp potential of 1 1.7 eV). The standard lamp is 10.2 eV with optional lamps of 9.5 eV and 1 1.7 eV, 
respectively. For the PI 101 the span settings should be as follows: 1 .O for 9.5 eV lamps; 9.8 for 10.2 eV 
lamps; and 5.0 for 11.7 eV lamps. During calibration, these span settings will be adjusted as necessary, using 
the span control knob. 

The following subsections will discuss HNu PID calibration, operation, and maintenance. These sections, 
however, should not be used as a substitute for the manufacturer’s instruction manual. 

5.1 Calibration 

For calibration purposes, the following items will be needed: 

0 Gas cylinder containing 95 to 100 parts per million (ppm) of isobutylene, balance in air. 
0 A 0.30 liters per minute regulator. 
0 Connector tubing. 
0 Screwdriver set. 
0 Photoionization Detector (PID) Calibration Form. 

Prior to each use, make sure that the battery is fully charged, the ultraviolet lamp is working, and that the fan 
is operating and drawing air into the probe (fan operates at approximately 100-200 cc/minute for the PI 10 1 
and 225 cc/minute for the DL 10 1). Procedures for completing these preliminary activities are given in the 
manufacturer’s instruction manual. 

PI 101 

To calibrate the PI 101, the steps provided below should be followed. For an itemized description of the 
calibration process, refer to Section 3-5 in the manufacturer’s instruction manual. The PI 101 shlouid be 
calibrated on a daily basis. 

0 Turn the function control switch to the standby position and zero the instrument by turning 
the zero adjustment knob to align the indicator needle with zero on the readout meter. 

H:V26007ilS I Phase~ocControl_Secretaries\ProjrclPi~”~\F~pDRA~FlNL\Ap~~~dix I.wpd 
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0 Set the range on the PI 101 and allow the instrument to warm up a few minutes before 
calibrating. Choices for range are O-20, O-200, and O-2,000 ppm, respectively. Range 
choice must take into account the concentration of the calibration gas. For example, if you 
are using a concentration of 100 ppm isobutylene as the calibration gas, your range ,should 
be set on the O-200 scale. If you have to zero the instrument in the desired range, record 
background if present. 

0 Attach tubing to the regulator 

0 Attach the free end of the tubing to the probe and turn on the calibration gas. 

0 Calibrate the PI 101 to benzene equivalents. Using the 10.2 eV (lamp) probe and 100 ppm 
isobutylene, the meter should read 56 units. Using the 11.7 eV (lamp) probe and 100 ppm 
isobutylene, the meter should read 65 units. If the reading on the meter is not *5 percent of 
the concentration of the calibration gas, adjust the span setting knob until the meter reads 
accordingly. If after adjusting the span setting knob the readout meter is still not 
responding, refer to the manufacturer’s instruction manual. Also, when the PI 101 is 
calibrated it should respond to a minimum of 90 percent of the concentration of the 
calibration gas within three seconds after introduction of that gas. If proper calibration 
cannot be obtained, internal calibration may be required. Note, only qualified personnel 
should perform internal calibrations. 

0 Record the calibration on the “Photoionization Detector (PID) Calibration Form”. 

DL 101 

To calibrate the DL 10 1, the steps provided below should be followed. For an itemized description of the 
calibration process, refer to Section 4.4 in the manufacturer’s instruction manual. 

0 Press and release the POWER button on the keypad and wait for the screen to stabilize then 
press the CALIBRATE key until “Calibrate?” appears. At this point press the ENTER key 
until “ElecZero? Yes” appears on the screen in which case you will press the ENTtR key, 
again, to confirm the electronic zero. 

0 The display will now read “CE/ENT/EXIT Cone = ppm” which requires the 
concentration of the calibration gas (noted on the side of the calibration gas bottle) to be 
entered on the keypad. The display will prompt you to “Attach gas to probe and /ENTER/” 
so attach tubing to probe (use the calibration gas humidifier in high humidity environments), 
open valve, and press ENTER key. Press ENTER again when “Press ENTER when Ready: 
xxx ppm” appears on screen. This will cause “Calibrating...Please Wait” to appear on 
screen. 

Note: This calibration is effective when the instrument is in the Survey Mode, which is the default mode. 
For calibrations other the one described, or if proper calibration cannot be obtained, refer to the 
manufacturer’s instruction manual. 
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a For calibrations using an alternate gas or span values, refer to Section 4.5 of the 
manufacturer’s instruction manual. 

0 Record the calibration on the “Photoionization Detector (PID) Calibration Form” which 
accompanies each DL IO 1, 

5.2 ODeration 

PI 101 

Note: IMPORTANT - The PI 10 1 should be “zeroed” in a fresh air environment if at all possible. If there 
is a background concentration, it must be documented and then zeroed out. 

0 Prior to each use of the PI 10 1, check that the battery is fully charged by turning the dial to 
BATT and making sure that it is within range. Also make sure that the ultraviolet lamp and 
the fan are working properly. 

l Select your desired range. PI 101 ranges consists of a O-20, O-200, and O-2,000 ppm, 
respectively. Consult with the Field Team Leader for more information when choosing the 
appropriate range, however, in most instances the range will be set initially at O-20. 

l When PI 101 is used intermittently, turn knob to STANDBY to help in extending the life 
of the UV lamp when operating in a low humidity environment. Otherwise, leave the knob 
set to the range desired so that the UV lamp will “burn off’ any accumulated moisture. 

Note: When using the PI 101, make sure that the probe does not contact water or soil during sampling. 
This will cause erroneous readings and will possibly damage the instrument. 

DL 101 

The DL 101 is designed to default to the survey mode when initially powered up, therefore once the 
calibration has been completed, the instrument is ready to go. Within the survey mode several options are 
available, briefly these options include: 

1. The Site Function 

The Site function assigns a number to a site that is being analyzed. Press the Site Key on the keypad to enter 
a specific site number, or press the gray button on the rear of the probe to increment a site number. 

2. Logging Data 

The Log function stores data in memory. To log data, press the Log key on the keypad or the Log button on 
the back of the probe. “Log” will appear in the upper right corner of the display when activated and 
disappears when not activated. To turn logging off, press either the Log key on the keypad or the red Log 
button on the rear of the probe. 

H:\2600AI 81 PhaseV3ocControl_Secretaries\ProjoctPlans~~pDRAF~FlNL~ppendix I.wpd 



SOP F203 
Revision No.: 1 

Date: 4/94 
Page 6 of 7 

0 The DL 10 1 allows for the interchanging of different voltage lamps, however, refer to the 
manufacturer’s instructions before attempting to change the lamp. 

0 The DL 101 also offers three other modes of operation, the Hazardous Waste Mode, the 
Industrial Hygiene Mode, and the Leak Detection Mode. Each of these modes increases the 
range of capabilities for this instrument which is covered in detail in the manufacturer’s 
instruction manual. 

Note: When using the DL 10 1, make sure that the probe does not contact water or soil during sampling. 
This will cause erroneous readings and will possibly damage the instrument. 

5.3 Interferences and Potential Problems 

A number of factors can affect the response of the PI 10 1 and DL 10 1. 

0 High humidity can cause lamp fogging and decreased sensitivity. This can be significant 
when soil moisture levels are high, or when monitoring a soil gas well that is accessible to 
groundwater. 

0 High concentrations of methane can cause a downscale deflection of the meter. 

0 High and low temperature, electrical fields, FM radio transmission, and naturally occurring 
compounds, such as terpines in wooded areas, will also affect instrument response. 

5.4 Maintenance 

The best way to keep an HNu PID operating properly is to keep it as clean as possible. HNu PID’s should 
be decontaminated or wiped down daily or after each use, as appropriate. 

Corrective Maintenance 

0 The ultraviolet lamp should be periodically cleaned using a special compound supplied by 
HNu Systems, Inc. for the 10.2 eV lamp, and a chlorinated solvent such as; l,l,l- 
trichloroethane for the 1 1.7 eV lamp. Consult the manufacturer’s instruction manual for 
specific cleaning instructions. 

l The ionization chamber can be periodically cleaned with methyl alcohol and a swab. 

Note: UV lamp and ion chamber cleaning is accomplished by following the procedures outlined in Section 
5.2, however, this should only be performed by trained personnel. 

0 Documenting the HNu PID’s observed symptoms and then referring to the manufacturer’s 
instruction manual section on troubleshooting (Section 6.0) also can be employed. If this 
does not work, the Field Team Leader should be consulted for an appropriate course of 
action. 
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Repair and Warranty Repair - HNu PID’s have different warranties for different parts, so documenting the 
problem and sending it into the manufacturer assists in expediting repair time and obtaining appropriate 
warranty service. 

5.5 Shimiw and Handling 

Following is information regarding the transport of the HNu PID meter and calibration gas. 

0 If the HNu PID is to be carried on aircraft, the calibration gas must be removed from the 
carrying case as cylinders of compressed gas are not permitted on passenger aircral’t. The 
calibration gas should either be shipped to the site of its intended use, or purchased locally. 

0 Shipping of the calibration gas requires the completion of a form (specified by the shlipping 
company) that identifies the package as a compressed gas. Compressed gas stickers must 
be affixed to the package. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following information shall 
be recorded in the Field Logbook. 

0 Identification - Site name, location, activity monitored, (surface water sampling, soil 
sampling, etc.) serial number, time, resulting concentration, comments and identity of air 
monitoring personnel. 

0 Field observations - Appearance of sampled media (if definable). 

0 Additional remarks (e.g., the HNu PID meter had wide range fluctuations during air 
monitoring activities). 

7.0 REFERENCES 

HNu Systems, Inc. Instruction Manual. Model PI 101, 1986. 
HNu Systems, Inc. Operator’s Manual. Model DL 101, 1991. 

H.U6007\lSI Phase\DocControl_Secretarics\ProjectPlans\F~pD~FTFlNL~p~ndix I wpd 





SOP F208 
Revision No: 1 

Date: 1 O/99 
Page 1 of 6 

FIELD EQUIPMENT OPERATION AND 
MAINTENANCE PROCEDURES - 
BACHARACH COMBUSTIBLE GAS/ 
OXYGEN METER PERSONAL GAS MONITOR 

Page 1. of 6 
SOP Number: F208 

Effective Date: 04/94 

TABLE OF CONTENTS 

1.0 

2.0 

3.0 

4.0 

5.0 

PURPOSE 

SCOPE 

DEFINITIONS 

RESPONSIBILITIES 

6.0 

PROCEDURES 
5.1 Calibration 
5.2 Operation 
5.3 Site Maintenance 
5.4 Scheduled Maintenance 

QUALITY ASSURANCE RECORDS 

7.0 REFERENCES 

H:V6007llSl Phax\DocCon:rol~SecretariesV~ojfftPlans\ndix J wpd 



SOP F208 
Revision No: 1 

Date: 1 O/99 
Page 2 of 6 

BACHARACH COMBUSTIBLE GAS/ 
OXYGEN METER AND PERSONAL GAS MONITOR 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using the Bacharach Sentinel 4 and 
Bacharach Sniffer@ 503-A meters in the field. Calibration and operation, along with field maintenanlze, will 
be included in this SOP. 

2.0 SCOPE 

This procedure provides information into the field operation and general maintenance of the Sentinel 4 
Sniffer and 503-A. Review ofthe information contained herein will ensure that this type of field monitoring 
equipment will be properly utilized. Review of the owner’s instruction manuals is a necessity for more 
detailed descriptions. 

3.0 DEFINITIONS 

Carbon Monoxide Sensor - Expresses the Carbon Monoxide concentration in parts per million (ppm). 

Combustible Gas - Combustible gas is expressed as a percent of the lower explosive limit (LEL). 

Hvdronen Sulfide Sensor - Expresses the Hydrogen Sulfide concentration in parts per million (ppm). 

Oxygen Sensor - Expresses the Oxygen concentration as a percentage. 

~JXJI - parts per million: parts of vapor or gas per million parts of air by volume. 

Sentinel 4 - Combustible Gas/Oxygen/Hydrogen Sulfide/Carbon Monoxide meter. 

Sniffer 503-A - portable Combustible Gas and Oxygen Alarm instrument. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project -specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for selecting qualified individuals for the monitoring activities. 

Proiect Health and Safety Officer (PHSO) - The Project Health and Safety Officer is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these procedures in the 
field, and to ensure that the Field Investigation Personnel performing air monitoring activities, have been 
briefed and trained to execute these procedures before the start of site operations. 
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Site Health and Safetv Officer (SHSO) - The SHSO is responsible for ensuring that the specified air 
monitoring equipment is on site, calibrated, and used correctly by the Field Personnel. The SHSO will 
coordinate these activities with the Field Team Leader. 

Field Investigation Personnel - It is the responsibility of the Field Investigation Personnel to follow these 
procedures or to follow documented project-specific procedures as directed by the Field Team Leader/Site 
Health and Safety Officer. The Field Investigation Personnel are responsible for documenting all air 
monitoring results in the Field Logbook during each field investigation. 

5.0 PROCEDURES 

The Sentinel 4 Personal Gas Monitor and Sniffer 503-A utilize the principle of detecting sensors. The 
following four paragraphs discuss theory of operation as it applies to each functional sensor. 

The combustible gas sensor uses two elements that are wound with a platinum wire. One of the elements 
is impregnated with a catalyst to oxidize combustible gases. The other element is impregnated with material 
that will also oxidize combustible gases, but will respond to temperature and humidity conditions. When 
the meter is turned on, an electrical current is passed through the elements and wires. As a combustible gas 
enters the chamber the elements will oxidize the combustible gas, thus increasing the heat and resistance of 
the element. This change in resistance causes a system imbalance, which produces a measurable signal 
proportional to the combustible gas concentration. 

The percent oxygen is measured utilizing an electrochemical sensor. As atmospheric oxygen enters the meter 
it diffuses into the sensor which converts the amount of oxygen in the sensor to a voltage signal. This voltage 
is directly proportional to percent oxygen in the atmosphere. 

The concentration of hydrogen sulfide is measured utilizing an electrochemical sensor. As atmospheric 
hydrogen sulfide enters the meter it diffuses into the sensor which converts the amount of hydrogen sulfide 
in the sensor to a voltage signal. This voltage is directly proportional to the atmospheric hydrogen sulfide 
concentration. 

The concentration of carbon monoxide as measured utilizing an electrochemical sensor. As atmospheric 
carbon monoxide enters the meter it diffuses into the sensor which converts the amount of carbon monoxide 
in the sensor to a voltage signal. This voltage is directly proportional to the atmospheric carbon monoxide 
concentration. 

The Sentinel 4 Personal Gas Monitor and Sniffer 503-A are intrinsically safe for use in Class I, Division 1, 
Groups A, B, C and D hazard areas. One fact that needs to be expressed is that this type of monitoring 
equipment utilizes internal oxidation of combustibles, if the meter is placed in an oxygen deficient 
atmosphere, the combustible reading may be affected. Review of each of the instruction manuals will aid 
in determining the percentage of oxygen that affects the combustible gas readings. 

The following subsections will discuss Sentinel 4 and Sniffer 503-A calibration, operation, and maintenance. 
These sections, however, do not take the place of the instruction manual. 
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5.1 Calibration 

Sentinel 4 

Due to the numerous steps involved in calibration, it is recommended that you follow the calibration 
procedures (on a daily basis) as outlined in the instruction manual from pages 5-12 to 5-20. 

NOTE: A calibration kit will be provided for each Sentinel 4. This kit contains a cylinder for the 
combustible gas sensor, one cylinder for the hydrogen sulfide sensor, and one cylinder for the ‘carbon 
monoxide sensor. The oxygen sensor can be calibrated with (uncontaminated/fresh air environment) 
atmospheric air and does not need cylinder gas. 

Note: When a single sensor doesn’t zero, none of the sensors are zeroed. 

Sniffer@ 503-A 

Oxypen Detector 

1. Check battery charge by turning function switch to “BATTERY TEST,” if battery is in 
recharge zone instrument will need to be charged. 

2. To zero the oxygen detector, turn function switch to “BATTERY TEST” position and press 
“TEST” switch and observe the O2 meter indication. If indicator is zero: no further 
adjustment is necessary. If not, follow procedures in Section 5.4.1 of the Operations 
Manual. 

3. To calibrate the oxygen detector, turn function switch to “BATTERY TEST” position. 
Unlock the “OXYGEN CALIB” knob and adjust it for an 02 meter indication of 2 1 or at the 
CAL mark. Relock “OXYGEN CALIB” knob. If using zero calibration gas, follow 
procedures in Section 5.4.2 of the Operator’s Manual. 

4. Record on Calibration Sheet. 

% LEL Detector 

1. Check battery charge by turning function switch to “BATTERY TEST,” if batter is in 
recharge zone, instrument will need to be charged. Allow 5 minutes for the instrument to 
warm up. 

2. Turn function switch to the % LEL position. 

Note: To eliminate the annoyance ofthe audible alarm, cover the alarm with a hand or duct 
tape during calibration. The tape must be removed, prior to operation!! 

3. Connect calibration gas (typically 30% of the LEL) and allow gas to flow for 1 minute. 
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Note: If calibration gas has a concentration value, not a % LEL value, the % LEL can be 
calculated as follows: 

% calibration gas (i.e., methane) x 20% LEL (meter alarm setting) = ?/o LEL 
calibration setting 

If meter indication is within *5% of LEL calibration gas, no further adjustment is re(quired. 
If not, follow procedures in Section 5.5.4 of Operator’s Manual. 

Sniffer@ 503-A 

1. Connect sample probe and tubing to the instrument’s sample inlet (refer to Sections 8.4 and 
8.5 for the Operator’s Manual for available hoses and probes. 

2. Check that battery is in Operational Range. 

3. Turn instrument to % LEL range and allow to warm up for 1 minute. 

4. Check in a fresh air environment that % LEL reads 0% and that 0, indicator reads 21% 
(calibration mark). 

5. Sample air/gas from area to be tested, allow 30 seconds for readings to stabilize. When 
finished, allow at least 10 seconds (longer if extension line is used) to purge sample line. 

6. If instrument is operating erratically, refer to “TROUBLESHOOTING” Section (Table 5-2) 
in Operator’s Manual. 

5.2 ODeration 

Sentinel 4 

Due to the Sentinel 4 having many functions in terms of operation, it is recommended that you follow the 
operational procedures as outlined in the instruction manual from pages 6-l to 6-34. 

NOTE: Since the Sentinel 4 is capable of measuring four different parameters, an understanding of the 
alarm, error, and fault messages must be obtained. This can be done by reviewing the troubleshooting table 
found on pages 9-2 to 9-9. 

5.3 Site Maintenance 

After each use, the meters should be recharged and the outside of the instruments should be wiped clean with 
a soft cloth. 
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5.4 Scheduled Maintenance 

Function Frequency 

Check alarm and settings Monthly/before each use 
Clean screens and gaskets around sensors Monthly 
Replace sensors Biannually or when calibration is unsuccessful 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following information shall 
be recorded in the Field Logbook. 

0 Identification - Site name, date, location, CT0 number, activity monitored, (surface water 
sampling, soil sampling, etc), serial number, time, resulting concentration, comments and 
identity of air monitoring personnel. 

0 Field observations - Appearance of sampled media (if definable). 

0 Additional remarks (e.g., the Sentinel 4 or Sniffer 503-A had wide range fluctuations during 
air monitoring activities.) 

NOTE: The “Toxic Gas Meter Calibration Form” will be completed daily, prior to 
performing any air monitoring. 

7.0 REFERENCES 

Bacharach Installation, Operation, Maintenance Manual, Sentinel 4 Personal Gas Monitor, 1990. 
Bacharach Installation, Operation, Maintenance Manual, Sniffer@ 503-A, Rev. 3 - October, 1990. 
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WASTEWATER SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for collecting wastewater samlples. 

2.0 SCOPE 

This procedure provides information for the acquisition of waste water samples. Review of the information 
contained herein will ensure that sample acquisition is properly conducted. 

3.0 DEFINITIONS 

Sampling Plan - A “plan of action” that guides the implementation of methods that will lead to achieving the 
plans objective(s). 

Grab Sample - An entire sample which is collected at one specific sample location at a specific point iin time. 

Composite Sample - A sample which is collected at several different locations and/or at different points in 
time. 

Environmental Sample - Samples of naturally occurring materials; soil, sediment, air, water. 

Waste Sample - Samples which are comprised of process wastes or other manmade waste material(s). 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project specific plans are in 
accordance with procedures where applicable, or that other approved procedures are developed. The Project 
Manager is responsible for development of documentation of procedures which deviate from those presented 
herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the waste water sample 
acquisition techniques and equipment to be used. It is the responsibility of the Field Team Leader to ensure 
that these procedures are implemented in the field and to ensure that the Field Investigation personnel 
performing the sample acquisition activities have been briefed and trained to execute these procedures. 

Field Investigation Personnel - It is the responsibility of the Field Investigation Personnel to follow these 
procedures orto follow documented project specific procedures as outlined in the Work Plan and as directed 
by the Field Team Leader and Project Manager. The Field Investigation Personnel are responsible for 
documenting all wastewater sampling activities and ambient air monitoring results in the field log book. 

5.0 PROCEDURES 

This protocol outlines procedures and equipment for the collection of representative liquid samples and 
sediment/sludge samples from standing lakes, ponds and lagoons, and flowing streams, rivers, channels, 
sewers and leachate seeps. 
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The collection of samples from these sources presents a unique challenge. Often sampling can be quite easy 
and routine (e.g., collecting a surface water sample from a two foot deep stream). Other times, the nature 
of site specific conditions may dictate that: 1) special equipment is needed to access the sample, 2) 
appropriate health and safety measures are critical, 3) proper timing is essential due to waste release times 
or tidal fluctuations, and/or 4) wastewater flow rate is a factor for consideration. 

Prior to sample collection, impoundment characteristics (size, depth, flow) should be recorded in the field 
log book. Sampling should proceed from downstream locations to upstream locations so that sediment 
disturbance (turbidity) caused by sampling does not affect sample quality. Additionally, if a sediment sample 
will be collected at the same location as a liquid sample, the liquid sample must be collected first to mi.nimize 
sample turbidity. 

If the Sampling Plan requires that samples are to be collected from the shore of an impoundment, specific 
health and safety considerations must be addressed. The person collecting the sample should be fitted with 
a safety harness and rope secured to a sturdy, immobile object on shore. Backup personnel should be 
available to assist in sample collection and should be prepared and able to pull the sampler to safety if 
unstable banks are encountered. 

To more adequately characterize the content and/or quality of an impoundment, samples may be collected 
away from the shoreline, often at various depths. Ifthe content ofthe impoundment is suspected to be highly 
hazardous, the risk to sampling personnel must be weighed against the need to collect the sample. If a barge 
or boat is used, each person on the vessel must be equipped with a life preserver and/or lifeline. 

The sampling of liquids in lakes, ponds, lagoons, streams, rivers, channels, sewers and leachate seeps is 
generally accomplished through the use of one of the following samplers: 

0 Laboratory cleaned sample bottle 
0 Pond sampler 
0 Weighted bottle sampler 
0 Wheaton dip sampler 
0 Kemmerer Depth Sampler 
l Bacon Bomb Sampler 

The factors that will contribute to the selection of a sampler include the width, depth and flow of the location 
being sampled, and whether the sample will be collected from the shore or a vessel. 

For flowing liquids, tidal influence on the collected sample is an additional concern and should be addressed 
in the Sampling Plan. At a minimum, the stage of the tide at the time of sample collection shlould be 
recorded. Consideration should be given to sampling at varied tidal stages as well as seasonally. Tidal 
information can be obtained from local bait shops, newspaper listings and/or local radio or television news 
reports. 

Samplers may encounter situations where rate of flow affects their ability to collect a sample. For fast 
flowing rivers and steams it may be nearly impossible to collect a mid-channel sample at a specific point. 
Low flowing streams and leachate seeps present the opposite problem. In these cases the sampler should 
attempt to locate an area where flow is obstructed and a pool is created. Ifthis is not possible, sediment may 
be dug with a decontaminated trowel to create a pooled area where sufficient liquid will accumulate for 
sampling. 
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5.1 On-Shore 

If the banks are not sloped, sampling personnel may be able to collect the liquid directly into the sample 
bottle. In some instances where access is limited, a pond sampler, by virtue of its extension capabilities, may 
be necessary. For a stream, channel or river, collect the sample at mid-depth. For standing liquid, collect 
the sample from just below the surface or at mid-depth. Once the sample is obtained by sample vessel, 
transfer it directly into the sample bottle. If volatile organic compounds (VOCs) are to be analyzed, fill the 
appropriate sample containers for VOCs first, then fill sample containers for other chemical analyses. 
Decontaminate the sampling device following procedures outlined in the Sampling Plan and/or SOIP F502 
before obtaining the next sample. 

5.2 Off-Shore 

Collect a liquid sample using the sample bottle or decontaminated pond sampler, if necessary. If the liquid 
has stratified, a sample of each strata should be collected. One of the depth samplers listed above will allow 
collection of discrete representative liquid samples at various depths. Proper use of the chosen sampling 
device includes slowly lowering and careful retrieval ofthe sample, immediate transfer of the liquid into the 
appropriate sampling container, and logbook notation of the depth at which the sample was collected. After 
collection, the sampling device must be decontaminated prior to obtaining the next sample. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records shall consist of recording sample date and acquisition time(s), sample number, 
sample location(s), sample depth(s), name ofthe Field Investigation Personnel collecting the sample(s), and 
Service Order Number in the field logbook. The type of container used to hold the sample and preservative 
agent, if needed, also will be documented, as will the method of sampling equipment decontamination. In 
addition, if photographs are taken of the sample site, the photograph number and direction of view shall be 
recorded as well. 

7.0 REFERENCES 

Field Sampling Procedures Manual. Chapter 8. New Jersey Department of Environmental Protection and 
Energy, Trenton, New Jersey. May 1992. 

Sampling and Analvsis Methods. Compilation of EPA’s Sampling and Analysis Methods, IJSEPA, 
Washington, D.C. 199 1. 

Characterization of Hazardous Waste Sites. USEPA, Washington, D. C. 1990. 
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SAMPLE PRESERVATION AND HANDLING 

1.0 PURPOSE 

This SOP describes the appropriate containers for samples of particular matrices, and the steps necessary to 
preserve those samples when shipped off site for chemical analysis. It also identifies the qualifications for 
individuals responsible for the transportation ofhazardous materials and samples and the regulations set forth 
by the Department of Transportation regarding the same. 

2.0 SCOPE 

Some chemicals react with sample containers made of certain materials; for example, trace metals adsorb 
more strongly to glass than to plastic, while many organic chemicals may dissolve various types of plastic 
containers. It is therefore critical to select the correct container in order to maintain the integrity of the 
sample prior to analysis. 

Many water and soil samples are unstable and may change in chemical character during shipment. Therefore, 
preservation of the sample may be necessary when the time interval between field collection and laboratory 
analysis is long enough to produce changes in either the concentration or the physical condition of the 
constituent(s). While complete and irreversible preservation of samples is not possible, preservation does 
retard the chemical and biological changes that may occur after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s), and refrigeration/freezing. 
Their purposes are to ( 1) retard biological activity, (2) retard hydrolysis ofchemical compounds/complexes, 
(3) reduce constituent volatility, and (4) reduce adsorption effects. 

Typical sample container and preservation requirements for this project are provided in Attachment A ofthis 
SOP. Note that sample container requirements (i.e., volumes) may vary by laboratory. 

The Department of Transportation, Code of Federal Regulations (CFR) Title 49 establishes regulations for 
all materials offered for transportation. The transportation ofenvironmental samples for analysis is regulated 
by Code of Federal Regulations Title 40 (Protection of the Environment), along with 49 CFR Part 172 
Subpart H. The transportation of chemicals used as preservatives and samples identified as hazardous (as 
defined by 49 CFR Part 171.8) are regulated by 49 CFR Part 172. 

3.0 DEFINITIONS 

HCl - Hydrochloric Acid 

H,SO,- Sulfuric Acid 

HNO, - Nitric Acid 

NaOH - Sodium Hydroxide 
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Normalitv (N) - Concentration of a solution expressed as equivalents per liter, where an equivalent is the 
amount of a substance containing one mole of replaceable hydrogen or its equivalent. Thus, a one molar 
solution of HCI, containing one mole of H, is “one-normal,” while a one molar solution of H,SO, containing 
two moles of H, is “two-normal.” 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation of procedures which deviate from those 
presented herein. The Project Manager is also responsible for proper certification of individuals responsible 
for transportation of samples of hazardous substances. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field and to ensure that personnel performing sampling activities have been briefed and 
trained to execute these procedures. The Field Team Leader is responsible to ensure all samples and/or 
hazardous substances are properly identified, labeled, and packaged prior to transportation. 

Sampling; Personnel - It is the responsibility of the field sampling personnel to initiate sample preservation 
and handling. It is also the responsibility of the field sampling personnel to understand and adhere to the 
requirements for proper transportation of samples and/or hazardous substances. 

5.0 PROCEDURES 

The following procedures discuss sample containerization and preservation techniques that are to be followed 
when collecting environmental samples for laboratory analysis. 

5.1 Samde Containers 

For most samples and analytical parameters either glass or plastic containers are satisfactory. In general, if 
the analyte(s) to be measured is organic in nature, the container shall be made of glass. If the analyte(s) is 
inorganic, then glass or plastic containers may be used. Containers shall be kept out of direct sunlight (to 
minimize biological or photo-oxidation/photolysis ofconstituents) until they reach the analytical laboratory. 
The sample container shall have approximately five to ten percent air space (‘Wage”) to allow for 
expansion/vaporization if the sample is heated during transport (one liter of water at 4°C expands by 15 
milliliters if heated to 130°F/55”C); however, head space for volatile organic analyses shall be om:itted. 

The analytical laboratory shall provide sample containers that have been certified clean according to LJSEPA 
procedures. Shipping containers for samples, consisting of sturdy ice chests, are to be provided by the 
laboratory. 

Once opened, the sample container must be used at once for storage of a particular sample. Unus’ed, but 
opened, containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or missing liners 
(if required for the container) shall be discarded. 
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General sample container, preservative, and holding time requirements are listed in Attachment A. 

5.2 Preservation Techniques 

The preservation techniques to be used for various analytes are listed in Attachment A. Reagents required 
for sample preservation will either be added to the sample containers by the laboratory prior to their shlipment 
to the field or added in the field using laboratory supplied preservatives. Some of the more commonly used 
sample preservation techniques include storage of sample at a temperature of 4°C acidification of water 
samples, and storage of samples in dark (i.e. amber) containers to prevent the samples f?om being exposed 
to light. 

All samples shall be stored at a temperature of 4°C. Additional preservation techniques shall be aplplied to 
water samples as follows: 

0 Water samples to be analyzed for volatile organics shall be acidified. 
0 Water samples to be analyzed for semivolatile organics shall be stored in dark containers. 
0 Water samples to be analyzed for pesticides/PCBs shall be stored in dark containers. 
0 Water samples to be analyzed for inorganic compounds shall be acidified. 

These preservation techniques generally apply to samples of low-level contamination. The preservation 
techniques utilized for samples may vary. However, unless documented otherwise in the project plans, all 
samples shall be considered low concentration. All samples preserved with chemicals shall be clearly 
identified by indicating on the sample label that the sample is preserved. 

5.3 Sample Holdiw Times 

The elapsed time between sample collection and initiation of laboratory analyses is considered the holding 
time and must be within a prescribed time frame for each individual analysis to be performed. :Sample 
holding times for routine sample collection are provided in Attachment A. 

6.0 SAMPLE HANDLING AND TRANSPORTATION 

After collection, the outside of all sample containers will be wiped clean with a damp paper towel; however 
sample handling should be minimized. Personnel should use extreme care to ensure that samples are not 
contaminated. If samples are placed in an ice chest, personnel should ensure that melted ice cannot cause 
sample containers to become submerged, as this may result in sample cross-contamination and loss of sample 
labels. Sealable plastic bags, (zipper-type bags), should be used when glass sample containers are placed 
in ice chests to prevent cross-contamination, if breakage should occur. 

Samples may be hand delivered to the laboratory or they may be shipped by common carrier. Relevant 
regulations for the storage and shipping of samples are contained in 40 CFR 261.4(d). Parall~el state 
regulations may also be relevant. Shipment of dangerous goods by air cargo is also regulated by the United 
Nations/International Civil Aviation Organization (UNlICAO). The Dangerous Goods Regulations 
promulgated by the International Air Transport Association (IATA) meet or exceed DOT and UN/ICAO 
requirements and should be used for shipment of dangerous goods via air cargo. Standard procedures for 
shipping environmental samples are given in Attachment B. 
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ATTACHMENT A 

REQUIRED CONTAINER, PRESERVATION TECHNIQUES 
AND HOLDING TIMES 



ATTACHMENT A 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR AQUEOUS SAMPLES 

Parameter Bottle Requirements 
Preservation 

Requirements 
Holding Time (I) Analytical 

Method Bottle Volume 

Volatile Organic Compounds 
WON 
Semivolatile Organic 
Compounds (SVOA) 
PCB/Pesticides 

Cyanide 

Metals (TAL) 

Total Organic Carbon 

Total Organic Halogen 

Chloride 

Sulfate 
Alkalinity 

Gross alpha/gross beta 
Chlorinated herbicides 
Hardness 

glass teflon lined cap 

glass teflon lined cap 

glass teflon lined cap 

plastic/glass 

plastic/glass 

glass, teflon lined cap 

plastic/glass 

plastic/glass 

plastic/glass 
plastic/glass 

plastic/glass 
glass, teflon lined cap 

plastic/glass 

Cool to 4°C 
I:1 HCI pH <2 
Cool to 4°C 

Dark 
Cool to 4°C 

Dark 
NaOH to pH>12 

Cool to 4°C 
HNO, to pH <2 

Cool to 4°C 
H,SO, to pH ~2 

Cool to 4°C 
H,SO, to pH ~2 
none required 

Cool to 4°C 
Cool to 4°C 

HNO~ to pH <2 
Cool to 4°C 

HNO, to pH <2 

10 days CLP 2x40ml 

Extraction within 5 days CLP 2 x 1 liter 
Analyze 40 days 
Extraction within 5 days CLP 2 x 1 liter 
Analyze 40 days 
14 days CLP 1 x 1 liter 

EPA 335.2 
1 SO days except Mercury is CLP 1 x 1 liter 
26 days 
28 days EPA 415.1 2 x 40 ml 

28 days EPA 450.1 250 ml 

28 days EPA 250 ml 
325.21325.3 

28 days EPA 375.4 250 ml 
14 days EPA 250 ml 

310.1/310.2 
6 months 9310 1 gallon 
14128 days EPA 515.1 1000 ml 
6 months EPA 130.2 150 ml 

(1) Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of February, 199 I. 
Holding times for Non-CLP methods are based on time of sample collection. 

Note: Verify this information with the laboratory that will perform the analyses. 



ATTACHMENT A (Continued) 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR SOIL SAMPLES 

Bottle Requirements 

(1) Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of February, 1991. 
Holding times for Non-CLP methods are based on time of sample collection. 

Note: Verify this information with the laboratory that will perform the analyses. 
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SAMPLE SHIPPING PROCEDURES 



ATTACHMENT B 

SAMPLE SHIPPING PROCEDURES 

Introduction 

Samples collected during field investigations or in response to a hazardous materials incident must be 
classified by the project leader, prior to shipping by air, as either environmental or hazardous substances. 
The guidance for complying with U.S. DOT regulations in shipping environmental laboratory samples is 
given in the “National Guidance Package for Compliance with Department of Transportation Regulations 
in the Shipment of Environmental Laboratory Samples.” 

Pertinent regulations for the shipping of environmental samples is given in 40 CFR 26 1.4(d). S,amples 
collected from process wastewater streams, drums, bulk storage tanks, soil, sediment, or water samples from 
areas suspected of being highly contaminated may require shipment as dangerous goods/hazardous substance. 
Regulations for packing, marking, labeling, and shipping of dangerous goods by air transport are promulgated 
by the United Nations International Civil Aviation Organization (UN/ICAO),which is equivalent to IATA. 

Individuals responsible for transportation of environmental samples or dangerous goods/hazardous 
substances must be tested and certified by their employer. This is required by 49 CFR Part 172 Subpart H 
Docket HM-I 26 to assure the required qualifications for individuals offering materials for transportation. 

Environmental samples shall be packed prior to shipment by commercial air carrier using the following 
procedures: 

1. Select a sturdy cooler in good repair. Secure and tape the drain plug (inside and outside) 
with fiber or duct tape. Line the cooler with a large heavy duty plastic bag. This practice 
keeps the inside of the cooler clean and minimizes cleanup at the laboratory after samples 
are removed. 

2. Allow sufficient headspace (ullage) in all bottles (except VOAs) to compensate for any 
pressure and temperature changes (approximately 10 percent of the volume of the 
container). 

3. Be sure the lids on all bottles are tight (will not leak). In many regions custody seals are 
also applied to sample container lids. The reason for this practice is two-fold: to maintain 
integrity of samples and keep lid on the container should the lid loosen during shipment. 
Check with the appropriate regional procedures prior to field work. In many cases, the 
laboratory manager of the analytical lot to be used on a particular project can also provide 
this information. 

4. It is good practice to wrap all glass containers in bubblewrap or other suitable packing 
material prior to placing in plastic bags. 



5. Place all bottles in separate and appropriately sized polyethylene bags and seal the bags with 
tape (preferably plastic electrical tape, unless the bag is a zipper-type bag). Up to three 
VOA bottles, separately wrapped in bubblewrap, may be packed in one plastic bag. 

6. Optionally, place three to six VOA vials in a quart metal can and then fill the can with 
vermiculite. 

7. Place two to four inches of vermiculite (ground corn cob, or other inert packing material) 
in the bottom of the cooler and then place the bottles and cans in the cooler with sufficient 
space to allow for the addition of more vermiculite between the bottles and cans. 

8. Put frozen “blue ice” (or ice that has been placed in properly sealed, double-bagged, heavy 
duty polyethylene bags) on top of and between the samples. Fill all remaining space 
between the bottles or cans with packing material. Fold and securely fasten the top of the 
large heavy duty plastic bag with tape (preferably electrical or duct). 

9. Place the Chain-of-Custody Record and the Request for Analysis Form (if applicable) into 
a plastic bag, tape the bag to the inner side of the cooler lid, and then close the cooler and 
securely tape (preferably with fiber tape) the top of the cooler unit. Wrap the tape three to 
four times around each side of the cooler unit. Chain-of-custody seals should be affixed to 
the top and sides of the cooler within the securing tape so that the cooler cannot be (opened 
without breaking the seal. 

10. Each cooler (if multiple coolers) should have its own Chain-of-Custody Record reflecting 
the samples shipped in that cooler. 

11. Label according to 40 CFR 261.4(d). The shipping containers should be marked “THIS 
END UP,” and arrow labels which indicate the proper upward position of the container 
should be affixed to the container. A label containing the name and address of the shipper 
and laboratory shall be placed on the outside of the container. It is good practice to secure 
this label with clear plastic tape to prevent removal during shipment by blurring of important 
information should the label become wet. The commercial carrier is not required to sign the 
COC record as long as the custody seals remain intact and the COC record stays in the 
cooler. The only other documentation required is the completed airbill, which is secured to 
the top of the shipping container. Please note several coolers/shipping containers may be 
shipped under one airbill. However, each cooler must be labeled as “Cooler 1 of 3, Cooler 
2 of 3, etc.“, prior to shipping. Additionally it is good practice to label each COC form to 
correspond to each cooler (i.e., 1 of 3, 2 of 3, etc.). 

-. ,_ “, ^ _- . . . _ r.j ^.- ~. _T -- - ..,... _ . . ._” .,. ,-,- , 
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CHAIN-OF-CUSTODY 

1.0 PURPOSE 

The purpose of this SOP is to provide information on chain-of-custody procedures to be used to document 
sample handling. 

2.0 SCOPE 

This procedure describes the steps necessary for transferring samples through the use of Chain-of-Custody 
Records. A Chain-of-Custody Record is required, without exception, for the tracking and recording of 
samples collected for on-site or off-site analysis (chemical or geotechnical) during program activities (except 
wellhead samples taken for measurement of field parameters). Use of the Chain-of-Custody Record Form 
creates an accurate written record that can be used to trace the possession and handling of the sample from 
the moment of its collection through analysis. This procedure identifies the necessary custody records and 
describes their completion. This procedure does not take precedence over region-specific or site-specific 
requirements for chain-of-custody. 

. ._ 3.0 DEFINITIONS 

Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two-part form that 
accompanies a sample or group of samples as custody of the sample(s) is transferred from one custo8dian to 
another custodian. One copy of the form must be retained in the project file. An example of a Chain-of- 
Custody Record Form is presented in Attachment B. 

Custodian - The person responsible for the custody of samples at a particular time, until custody is 
transferred to another person (and so documented), who then becomes custodian. A sample is under one’s 
custody if: 

e It is in one’s actual possession. 
0 It is in one’s view, after being in one’s physical possession. 
l It was in one’s physical possession and then he/she locked it up to prevent tampering. 
l It is in a designated and identified secure area. 

Sample - A sample is physical evidence collected from a facility or the environment, which is representative 
of conditions at the point and time that it was collected. 

4.0 RESPONSIBILITIES 

‘.. 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation of procedures which deviate from those 
presented herein. The Project Manager is responsible for ensuring that chain-of-custody procedures are 
implemented. The Project Manager also is responsible for determining that custody procedures have been 
met by the analytical laboratory. 
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Field Team Leader - The Field Team Leader is responsible for determining that chain-of-custody procedures 
are implemented up to and including release to the shipper or laboratory. It is the responsibility of the Field 
Team Leader to ensure that these procedures are implemented in the field and to ensure that personnel 
performing sampling activities have been briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to initiate chain-of-c.ustody 
procedures, and maintain custody of samples until they are relinquished to another custodian, the #sample 
shipper, or to a common carrier. 

5.0 PROCEDURES 

The term “chain-of-custody” refers to procedures which ensure that evidence presented in a court of law is 
valid. The chain-of-custody procedures track the evidence from the time and place it is first obtained to the 
courtroom, as well as providing security for the evidence as it is moved and/or passed from the custody of 
one individual to another. 

’ 5 

Chain-of-custody procedures, record keeping, and documentation are an important part of the mana,gement 
control of samples. Regulatory agencies must be able to provide the chain-of-possession and custody of any 
samples that are offered for evidence, or that form the basis of analytical test results introduced as evidence. 
Written procedures must be available and followed whenever evidence samples are collected, transferred, 
stored, analyzed, or destroyed. 

5.1 Sample Identification 

The method of identification of a sample depends on the type of measurement or analysis performed. When 
in-situ measurements are made, the data are recorded directly in bound logbooks or other field data records 
with identifying information, 

Information which shall be recorded in the field logbook, when in-situ measurements or samples for 
laboratory analysis are collected, includes: 

Field Sampler(s) 
Project and Task Number 
Project Sample Number 
Sample location or sampling station number 
Date and time of sample collection and/or measurement 
Field observations 
Equipment used to collect samples and measurements 
Calibration data for equipment used 

Measurements and observations shall be recorded using waterproof ink. 

5.1.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported from the sample location to a 
laboratory or other location for analysis. Before removal, however, a sample is often divided into portions, 
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depending upon the analyses to be performed. Each portion is preserved in accordance with the Salmpling 
and Analysis Plan. Each sample container is identified by a sample label (see Attachment A). Sample labels 
are provided, along with sample containers, by the analytical laboratory. The information recorded on the 
sample label includes: 

0 Project and Task Number. 

0 Station Location - The unique sample number identifying this sample. 

0 Date - A six-digit number indicating the day, month, and year of sample collection (e.g., 
12/21/G). 

0 Time - A four-digit number indicating the 24-hour time of collection (for example: 10954 is 
9:54 am., and 1629 is 4:29 p.m.). 

0 Medium - Water, soil, sediment, sludge, waste, etc. 

0 Sample Type - Grab or composite. 

0 Preservation - Type and quantity of preservation added. 

l Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

0 Sampled By - Printed name of the sampler. 

0 Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the anonymity of sites. This may be 
necessary, even to the extent of preventing the laboratory performing the analysis from knowing the .identity 
of the site (e.g., if the laboratory is part of an organization that has performed previous work on the site). 

5.2 Chain-of-Custodv Procedures 

After collection, separation, identification, and preservation, the sample is maintained under chain-of-custody 
procedures until it is in the custody of the analytical laboratory and has been stored or disposed. 

5.2.1 Field Custody Procedures 

0 Samples are collected as described in the site Sampling and Analysis Plan. Care Imust be 
taken to record precisely the sample location and to ensure that the sample number on the 
label matches the Chain-of-Custody Record exactly. 

0 The person undertaking the actual sampling in the field is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 
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0 When photographs are taken of the sampling as part of the documentation procedure, the 
name of the photographer, date, time, site location, and site description are entered 
sequentially in the site logbook as photos are taken. Once developed, the photographic prints 
shall be serially numbered, corresponding to the logbook descriptions; photographs will be 
stored in the project files. It is good practice to identify sample locations in photographs by 
including an easily read sign with the appropriate sample/location number. 

0 Sample labels shall be completed for each sample, using waterproof ink unless prohibited 
by weather conditions, e.g., a logbook notation would explain that a pencil was used to fill 
out the sample label if the pen would not function in freezing weather. 

5.2.2 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form. When transferring the possession of 
samples, the individual(s) relinquishing and receiving will sign, date, and note the time on the Record. This 
Record documents sample custody transfer from the sampler, often through another person, to the analyst 
in the laboratory. The Chain-of-Custody Record is filled out as given below. 

0 Enter header information (Project and Task number, samplers, and project name). 

0 Enter sample specific information (sample number, media, sample analysis required and 
analytical method, grab or composite, number and type of sample containers, and date/time 
sample was collected). 

0 Sign, date, and enter the time under “Relinquished by” entry. 

a Have the person receiving the sample sign the “Received by” entry. If shipping samples by 
a common carrier, print the carrier to be used in this space (i.e., Federal Express). 

0 If a carrier is used, enter the airbill number under “Remarks,” in the bottom right corner. 

0 Place the original (top, signed copy) of the Chain-of-Custody Record Form in a plastic 
zipper-type bag or other appropriate sample shipping package. Retain the copy with field 
records. 

0 Sign and date the custody seal, a 1- by 3-inch white paper label with black lettering and an 
adhesive backing. Attachment C is an example of a custody seal. The custody seal is part 
of the chain-of-custody process and is used to prevent tampering with samples after they 
have been collected in the field. Custody seals shall be provided by the analytical laboratory. 

0 Place the seal across the shipping container opening so that it would be broken if the 
container was to be opened. 

0 Complete other carrier-required shipping papers. 



SOP F302 
Revision No: 1 

Date: 1 O/99 
Page 6 of 6 

The custody record is completed using waterproof ink. Any corrections are made by drawing a line through 
and initialing and dating the change, then entering the correct information. Erasures are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record Forms; this 
necessitates packing the record in the shipping container (enclosed with other documentation in a plastic 
zipper-type bag). As long as custody forms are sealed inside the shipping container and the custody se:als are 
intact, commercial carriers are not required to sign the custody form. 

The laboratory representative who accepts the incoming sample shipment signs and dates the Chain-of- 
Custody Record, completing the sample transfer process. It is then the laboratory’s responsibility to maintain 
internal logbooks and custody records throughout sample preparation and analysis. 

6.0 QUALITY ASSURANCE RECORDS 

Once samples have been packaged and shipped, the COC copy and airbill receipt becomes part ofthe Quality 
Assurance Record. 

7.0 REFERENCES 

1. USEPA. User’s Guide to the Contract Laboratory Program. Office of Emergency and 
Remedial Response, Washington, D.C. (EPA/540/P-9 l/002), January 199 1. 
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EXAMPLE CLIENT (SAMPLE) LABEL 



ATTACHMENTA 

EXAMPLE SAMPLE LABEL 

Baker Environmental Inc. 
Airport Office Park, Bldg. 3 
420 Rouser Road 
Coraopolis, PA 15108 

Project: 19026~SRN CTONo.: 0026 _ 

Sample Description: Groundwater - 

Date: 09/17/92 Sampler: ABC 

I‘ime: 0944 

Analysis: TAL Metals (CAP) Preservation: IFKNOX _ 

Project Sample No.: CAX-GW-04 - 

Note: Typically, sample labels are provided by the analytical - I 
laboratory and may be used instead of the above. However, 
samplers should make sure all pertinent information can be 
affixed to the label used. 

_/. 



ATTACHMENT B 

EXAMPLE CHAIN-OF-CUSTODY RECORD 



Baker Environmental, Inc. Baker Environmental, Inc. 

Airport Office Park, Bldg. 3 Airport Office Park, Bldg. 3 
420 Rouser Road 420 Rouser Road 
Corao Corao 

F! F! 
olis,PA 15108 olis,PA 15108 

412.2 9.6000 412.2 9.6000 
412-269-6097 (fax) 412-269-6097 (fax) 

CHAIN-OF-CUSTODY RECORD CHAIN-OF-CUSTODY RECORD 
Pg. 1 of _ Pg. 1 of _ 

Analytical Methods / Preservatives 
I I I I I I I I I I I General Comments General Comments 

Project Number: Project Number: 
: ; : : : : 

: : : : 
Project Name: Project Name: : : : 

: : 
Field Team: Field Team: 

,~~~~~~~~~~~~~~~~~~~~~ 

: 

SEND RESULTS TO: SEND RESULTS TO: ; : : : : : : : ; : : : 

. . r I 
Matrix .Tvoe 

ngr(s) (3) (3) 
Matrix 
Type (11 Type (11 

Sam le Sam le 
Fi Fi Num er Num er Date Time Date Time 

Sample Sample GB COM.. GB COM.m 
Location Location (2) (2) (2) (2) Number of Container(s) Number of Container(s) Remarks Remarks 

Relinquished By: Date: Time: Sample Stored at 4X: Yes’ 0 NO 0 
Received By: b Date: Time: Chain-of-custody seal on cooler: Yes 0 Number: No 0 

Shipped by (check one): Hand 0 Overnight o Other q 
Analysis turnaround: Priority 0 hrs. Regular CI 

, See Work Order 0 

Relinquished By: IT,+,. YPLS, The: 
See Analysis Request Form 0 

Received By: Date: Time: Sample Disposal: Return to Baker 0 Lab Disposal o 

Shipped by (check one): Hand q Overnight q Other o Archive until: (date) 

Relinquished Sty: 
NOTES: 

Date: Time: . Grab 
Received By: 

(1) A - Air 
Date: Time: 

SW . Surfacewater (a’) CB 
GW - Groundwater W - Waste 

Shipped by (check one): Hand 0 Overnight q Other o 
COM + Composite 

S - Spring WP - Wipe (3) p + Plastic 
so - Soil WW - Wastewater G - Glass 

\Alh:+n. 0ot11rn with analvtiral rpcttltc: ‘follow - lahnratorv rnnv: Pinlf - Firld Cnov 7194 
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EXAMPLE CUSTODY SEAL 



ATTACHMENT C 

EXAMPLE CUSTODY SEAL 

CUSTODY SEAL I CUSTODY SEAL 





SOP F303 
Revision No: 1 

Date:: 1 O/99 
Page: I of 4 

FIELD EQUIPMENT OPERATION AND Page 11 of 4 
MAINTENANCE PROCEDURES - SOP Number: F303 
FIELD LOGBOOK Effective Date: 04194 

TABLE OF CONTENTS 

1.0 PURPOSE 
2.0 SCOPE 
3.0 DEFINITIONS 
4.0 RESPONSIBILITIES 
5.0 PROCEDURES 

5.1 Cover 
5.2 Daily Entries 

Photographs 
6.0 GALITY ASSURANCE RECORDS 
7.0 REFERENCES 

H V600A181 PhaseU)ocColltrol_Secr~~a~es~ojectPlans\F~pDRAFTFlNL\Appendix N wpd 



SOP F303 
Revision No: 1 

Date: I O/99 
Page 2 of 4 

FIELD LOGBOOK FIELD LOGBOOK 

1.0 PURPOSE 

This SOP describes the process for maintaining a field logbook. 

2.0 SCOPE 

The field logbook is a document which records all major on-site activities conducted during a field 
investigation. At a minimum, the following activities/events shall be recorded in the field logbook by each 
member of the field crew. 

l Arrival/departure of site workers and visitors 
0 Arrival/departure of equipment 
l Sample pickup (sample numbers, carrier, time) 
0 Sampling activities 
0 Start or completion of boreholes, monitoring wells, or sampling activities 
l Health and safety issues 

The field logbook is initiated upon arrival at the site for the start of the first on-site activity. Entries are made 
every day that on-site activities take place. At least one field logbook shall be maintained per site. 

The field logbook becomes part of the permanent site file. Because information contained in the field 
logbook may be admitted as evidence in legal proceedings, it is critical that this document is properly 
maintained. 

3.0 DEFINITIONS 

Field logbook - The field logbook is a bound notebook with consecutively numbered pages. Upon entry of 
data, the logbook requires the signature of the responsible data/information recorder. 

4.0 RESPONSIBILITIES 

The Field Team Leader is responsible for maintaining a master field logbook for the duration of on-site 
activities. Each member of the sampling crew is responsible for maintaining a complete and accurate record 
of site activities for the duration of the crew members participation in the project. 

5.0 PROCEDURES 

The following sections present some of the information that must be recorded in the field logbook. In 
general, a record of all events and activities, as well as other potentially important information shall be 
recorded by each member of the field team. 
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5.1 Cover 

The inside cover or title page of each field logbook shall contain the following information: 

0 Project and Task Number 
l Project name and location 
l Name of Field Team Leader 
l Baker’s address and telephone number 
0 Start date 
0 If several logbooks are required, a sequential field logbook number 

It is good practice to list important phone numbers and points of contact here. 

5.2 Dailv Entries 

Daily entries into the logbook may contain a variety of information. At the beginning of each day the 
following information must be recorded by each team member. 

l Date 
l Start time 
l Weather 
a All field personnel present 
0 All visitors present 
0 Other pertinent information (i.e., planned activities, schedule changes, expected visitors, and 

equipment changes) 

During the day, an ongoing record of all site activities should be written in the logbook. The master logbook 
kept by the field team leader need not duplicate that recorded in other field logbooks, but should summarize 
the information in other books and, where appropriate, reference the page numbers of other logbooks where 
detailed information pertaining to a subject may be found. 

Some specific information which must be recorded in the logbook includes the following: 

l 

l 

0 

l 

l 

0 

l 

l 

Equipment used, equipment numbers, calibration, field servicing 
Field measurements 
Sample numbers, media, bottle size, preservatives, collection methods, and time 
Test boring and monitoring well construction information, including boring/well number 
and location 
Sketches for each sample location including appropriate measurements if required1 
Photograph log 
Drum log 
Other pertinent information 
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All entries should be made in indelible ink; all pages numbered consecutively; and all pages must be signed 
or initialed and dated by the responsible field personnel completing the log. No erasures are permitted. If 
an incorrect entry is made, the entry shall be crossed out with a single line, initialed, and dated. 

5.3 Photon-aphs 

If photographs are permitted at the site, the record shall be maintained in the field logbook. When movies, 
slides or photographs are taken of any site location, they are numbered or cross-referenced to correspond to 
logbook entries. The name of the photographer, date, time, site location, site description, direction of view 
and weather conditions are entered in the logbook as the photographs are taken. Special lenses, film, or other 
image-enhancement techniques also must be noted in the field logbook. Once processed, phot0graph.s shall 
be serially numbered and labeled corresponding to the field logbook entries. 

6.0 QUALITY ASSURANCE RECORDS 

Once on-site activities have been completed, the field logbook shall be considered a quality assurance record. 

7.0 REFERENCES 

None. 
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1.0 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) has been developed for the Supplemental 
Investigation (SI) at Site 89, Operable Unit (OU) No. 16 at Marine Corps Base (MCB), Camp 
Lejeune, North Carolina. The purpose of this SI is to further delineate the extent of VOC 
contamination in the southern portion of Site 89 and to collect data necessary to evaluate remedial 
actions in the source area. 

The preparation of this Work Plan, and other related project plans, is being performed under the 
Navy Comprehensive Long-term Environmental Action Navy (CLEAN) Contract No. N62470- 
95-D-6007, Contract Task Order 018 1. Baker Environmental, Inc., (Baker) is subcontracted to 
CH2MHill for the implementation of this project. 

This QAPP addresses the quality assurance and quality control steps and procedures that will be 
implemented for sample collection and analysis for this SI. Detailed information regarding 
sample handling and analytical methods are provided in Sections 6.0 and 9.0, respectively. 
Sample collection procedures are provided in the Field Sampling and Analysis Plan (FSAP). 

The structure of this QAPP and the QA elements addressed are: 
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QAPP Scope 
Project Description 
Project Organization 
QA Objectives for Data Measurement 
Sampling Procedures 
Sample and Document Custody 
Calibration Procedures and Frequency 
Analytical Procedures 
Data Reduction, Validation, and Reporting 
Internal QC Checks 
Performance and System Audits 
Preventive Maintenance 
Data Measurement Assessment Procedures 
Corrective Action 
QA Reports to Management 
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2.0 SCOPE OF QUALITY ASSURANCE PROJECT PLAN 

This QAPP addresses sample collection and analysis to be conducted for the field investigation at 
Site 89. The QAPP has been developed for the Department of Navy (DON) in accordance with 
U.S. Environmental Protection Agency (USEPA) guidelines. Contractors will follow ‘quality 
control/quality assurance (QA/QC) practices and procedures, including chain-of-custody 
procedures, while conducting all sample collection and analysis activities. 

In order to provide adequate QA/QC, this investigation will require: 

1. The use of Naval Facilities Engineering Service Center (NFESC)-certified analytical 
laboratories; 

2. The use of accepted analytical methods for the samples discussed in the FSAP. Analysis 
of samples for hazardous constituent parameters will be performed in accordance with the 
following documents: 

. “Statement of Work for Organic Analysis,” USEPA, OLM04.2, May 1999 

. “Statement of Work for Inorganic Analysis,” USEPA, ILM04.1, 1990 

. “Methods for Chemical Analysis of Water and Waste,” USEPA, 1979, Revised 
March 1983 

0 “Environmental Protection Agency Regulations on Test Procedures for Analysis of 
Pollutants,” USEPA, 40 CFR 136 

. “Test Methods for Evaluating Solid Waste,” USEPA SW846, 3rd Edition 1997 

. “Hazardous Waste Management System; Identification and Listing of Hazardous 
Waste; Toxicity Characteristics Revisions; Final Rule,” USEPA, 52 FR 26886 
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3.0 PROJECT DESCRIPTION 

An introduction to the field investigation for Site 89 describing the project objectives and1 scope 
are provided in Sections 1 .O and 4.0 of the SI Work Plan, respectively. These sections discuss the 
objectives of the SI, and the various field sampling and analytical programs. A detailed 
description of the field investigations, including sample location and designation and sampling 
procedures and frequency, is presented in Sections 4.0, 5.0, and 6.0 of the FSAP. 
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4.0 PROJECT ORGANIZATION 

Technical performance of the investigation for Site 89 and key personnel responsible for quality 
assurance throughout its duration are described in Section 5.0 of the SI Work Plan. The 
contractor will utilize subcontractors to perform laboratory analysis, data validation, drilling, 
monitoring well installation, and surveying. Specific subcontractors have not yet been identified. 
Figure 4- 1 shows the project organization, lines of authority, and support personnel/organizations. 
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FIG ,itE 4-1 
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5.0 QUALITY ASSURANCE OBJECTIVES FOR DATA MEASUREMENT 

The purpose of a QA Program is to establish policies for the implementation of regulatory 
requirements and to provide an internal means for control and review so that the work pe.rformed 
is of the highest professional standards. 

5.1 Proiect Quality Assurance Obiectives 

The following is a list of QA objectives that will be implemented at Site 89: 

l Obtain scientific data of a quality sufficient to meet scientific and legal scrutiny. 

l Gather/develop data in accordance with procedures appropriate for its intended use. 

l Ensure that data is of acceptable precision, accuracy, completeness, representativeness, and 
comparability as required by the project. 

The fundamental mechanisms that will be employed to achieve these quality goals can be 
categorized as prevention, assessment and correction where: 

l Prevention of errors through planning, documented instructions and procedures, and careful 
selection and training of skilled, qualified personnel. 

l Assessment of all quality assurance sampling reports furnished by the contract laboratlory. 

l Assessment of data through data validation, and of procedures through laboratory and field 
audits. 

l Correction for prevention of reoccurrence of conditions adverse to quality. 

This QAPP, prepared in direct response to these goals, describes the QA Program to be 
implemented and the QC procedures to be followed by field and laboratory personnel during the 
course of the project. 

This QAPP presents the project organization and specifies or references technical procedures, 
documentation requirements, sample custody requirements, audit, and corrective action 
provisions to be applied to provide confidence that all activities meet the intent of the QA 
program. This QAPP has been prepared in accordance with USEPA guidance as presented in 
“Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans,” (QAMS- 
005180. 

The procedures contained or referred to herein have been taken from: 

. “Statement of Work for Organic Analysis,” USEPA, OLM04.2, May 1999 

. “Statement of Work for Inorganic Analysis,” USEPA, ILM04.1, 1990 

l “Methods for Chemical Analysis of Water and Waste,” USEPA, 1979, Revised March 1983 

. “Environmental Protection Agency Regulations on Test Procedures for Analysis of 
Pollutants,” USEPA, 40 CFR 136 
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l “Test Methods for Evaluating Solid Waste,” USEPA SW846,3rd Edition, X997 

. “Hazardous Waste Management System; Identification and Listing of Hazardous Waste; 
Toxicity Characteristics Revisions; Final Rule,” USEPA, 52 FR 26886 

b “Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans,” 
USEPA, (QAMS 005/80). 

5.2 Data Quality Obiectives 

Data quality objectives (DQOs) are qualitative or quantitative statements developed by the data 
users to specify the quality of data needed from a particular data collection activity to sulpport a 
specific decision. The DQOs are expressed in terms of precision, accuracy, representativeness, 
completeness, and comparability. Definitions for these terms, as well as for the more general 

* term uncertainty, are given in Table 5-l. A detailed discussion of DQOs for this project is 
presented in Section 3.0 of the Work Plan. 

The intended use of the data, analytical measurements, and the availability of resources are 
integral in development of DQOs. DQOs define the level of uncertainty in the data that is 
acceptable for each specific activity during the investigation. This uncertainty includes both field 
sampling error and analytical instrument error. Ideally, zero uncertainty is the goal; however, the 
variables associated with sampling and analysis contribute to a degree of uncertainty in any data 
generated. It is an overall program objective to keep the total uncertainty within an acceptable 
range, so as not to hinder the intended use of the data. To achieve this objective, specific data 
quality requirements such as detection limits, criteria for accuracy and precision, sample 
representativeness, data comparability, and data completeness have been specified. 

The data collected will be used: 

l To further evaluate the extent of contamination resulting from previous disposal activities in 
the southern portion of Site 89 

l To assess potential contaminant migration and exposure pathways 

l To monitor health and safety conditions during field activities 

l To identify releases or suspected releases of hazardous waste and/or constituents 

All soil and groundwater samples will be analyzed and reported by the laboratory as Level IV 
data (NFESC Level D). Level IV was selected to provide the highest level of confidence in data 
quality to be used in the streamed-lined risk evaluation of the SI. All Investigation Derived 
Waste (IDW) samples will be analyzed and reported by the laboratory as Level III data (NFESC 
Level C). Field parameters, including temperature, pH, specific conductance, turbidiiy, and 
oxidation/reduction potential will be Level I (NFESC Level A) data quality. 
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TABLE 5-l 

DEFINITIONS OF DATA QUALITY INDICATORS 
SITE 89 EEKA INVESTIGATION - CTO-0181 
MCB CAMP LEJEUNE, NORTH CAROLINA 

PRECISION - A measure of mutual agreement among individual measurements of the sample property, 
usually under prescribed similar conditions. Precision is expressed in terms of the standard deviation. 
Comparison of replicate values is best expressed as the relative percent difference (RPD). Various 

measures of precision exist depending upon the “prescribed similar conditions”. 

ACCURACY - The degree of agreement of a measurement (or an average of replicate measurements), 
X, with an accepted reference or true value, T, expressed as the difference between the two values, X-T. 
Accuracy is a measure of the bias in a system. 

REPRESENTATIVENESS - Expresses the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental concern. 

COMPLETENESS - A measure of the amount of the valid data obtained from the measurement system 
compared to the amount that was expected under “normal” conditions. 

COMPARABILITY - Expresses the confidence with which one data set can be compared with another. 

UNCERTAINTY - The unlikelihood of all types of errors associated with a particular decision. 



6.0 SAMPLE AND DOCUMENT CUSTODY PROCEDURES 

Sample custody procedures outlined in this section have been developed from “User’s Giuide to 
the Contract Laboratory Program,” December 1988, OSWER Directive No. 9240.0-01. These 
procedures are in accordance with “EPA NEIC Policies and Procedure Manual,” May 1978, 
revised November 1984, EPA 330-78-001-R and “Interim Guidelines and Specificatilons for 
Preparing Quality Assurance Project Plans,” December 1980, QAMS-005/80. 

The purpose of this section is to outline the sample handling and sample documentation 
procedures to be used during implementation of the FSAP. The objective of the sample handling 
procedures is to deliver representative samples to the laboratories for analysis. The objectives of 
the sample documentation procedures are to: 

l Ensure complete analysis of the requested parameters within the required turnaround times 

l Document the sample from the point of collection to the final data report. 

Descriptions of the procedures to be used for sampling the groundwater and soil at the site are 
provided in Section 6.0 of the FSAP. The number of samples, sampling locations, and salmpling 
rationale by media are presented in Section 4.0 of the FSAP. 

6.1 Sampling Handling 

The laboratory will provide new polyethylene or glass bottles containing the proper preservatives 
for sample collection. In addition to the chemical preservatives, samples will be stored on ice at 
4°C in a waterproof metal or sturdy plastic cooler, if required. Tables 6-l and 6-2 Iprovide 
summaries of containers, preservation, and holding times for water and solids, respectively. 

6.2 Chain-of-Custody Procedures 

A sample is considered to be in an individual’s possession if: 

l It is in the sampler’s possession or it is in the sampler’s view after being in his or her 
possession. 

l It was in the sampler’s possession and then locked or sealed to prevent tampering. 

l It is in a secure area. 

Five kinds of documentation will be used in tracking and shipping the analytical samples: 

l Field log book 
l Sample labels 
l Chain-of-Custody (COC) records 
l Custody seals 
l Commercial carrier airbills 

At a minimum, the label for each sample bottle will contain the following information: 

l Site name 
l Sample number 
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l Date and time of collection 
l Sample type (grab or composite) 
l Matrix 
l Sampler’s initials 

The sample information, as well as the analysis to be performed on the sample, will be entered in 
the field logbook for each sampling point. Additionally, the following items will be entered: 

Dates and times of entry 
Names of field personnel on site 
Names of visitors on site 
Field conditions 
Description of activities 
Sampling remarks and observations 
QA/QC samples collected 
List of photographs taken 
Sketch of site conditions 

Custody of the samples will be maintained by field personnel from the time of sampling until the 
time they are forwarded to the analytical laboratory. 

The sample custody is documented using COC records. Field personnel will complete a COC 
record, in waterproof ink, to accompany each cooler forwarded from the site to the laboratory. 
Chemical reagents used to preserve the samples will be recorded on the COC record. Any errors 
on the COC records will not be erased; instead, a line will be drawn through the error and 
initialed by the person completing the form. The original copy will be placed in a sealable plastic 
bag and put inside the appropriate cooler, secured to the cooler lid. 

If the sample cooler is to be shipped by commercial air carrier, the cooler must be secured with 
custody seals so that the seals would be broken if the cooler was opened. The commercial carrier 
is not required to sign the COC record as long as the custody seals remain intact and the COC 
record stays in the cooler. The only other documentation required is the completed airbill. 

If the sample shipment is hand delivered to the laboratory by field personnel or retrieved by 
laboratory personnel at the site, then the custody seals are not necessary. The laboratory sample 
custodian, or his/her designee accepting the sample shipment, whether it is from the air carrier or 
the field personnel, signs and dates the COC record upon sample receipt. The original COC 
record will be returned along with the final data report. The laboratory will be responsible for 
maintaining internal logbooks and records that provide a custody record during sample 
preparation and analysis. 

Laboratory Chain-of-Custody Procedures 

Upon sample receipt the steps below will be performed: 

l Samples will be received and unpacked in the laboratory where the staff checks fo.r bottle 
integrity (loose caps, broken bottles, etc.). 

l Samples will be verified with incoming paperwork (COC, etc.) by type of bottle and 
stabilizer. The paperwork must be either signed or initialed. 
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l Information concerning the sample (from the sampling record, COC, and observation) will be 
recorded along with parameters to be analyzed, date of sampling, and date the sample is 
received in the laboratory. 

l Samples will be placed in an appropriate secured storage area until analysis. 

l When analysis is complete, samples will be stored for a 30-day period unless otherwise 
specified. 

If collected samples arrive without COC or incorrect COC records, the following steps will be 
taken: 

l The laboratory will prepare a nonconformance form stating the problem. 

l The site supervisor and Project Manager will be notified. 

l If the field staff cannot provide the missing information, the affected samples will not be 
analyzed. 

Primary considerations for sample storage are: 

l Secured storage. 

l Maintain prescribed temperature, if required, which is typically four degrees Celsius. 

l Extract and/or analyze samples within the prescribed holding time for the parameters of 
interest. 

6.3 Document Custody Procedures 

Project records are necessary to support the validity of the work and to furnish documentary 
evidence of quality. The evidentiary value of data is dependent upon the proper maintenance and 
retrieval of quality assurance records. Therefore, procedures will be established to assure that all 
documents attesting to the validity of work can be accounted for when the work is completed. 

Records must be legible, filled out completely, and adequately identified as to the item or activity 
involved. Records will be considered valid only if initialed, signed, or otherwise authenticated 
and dated by authorized personnel. These records may either be originals or reproduced copies. 
Records submitted to the files, with the exception of correspondence, will be bound, placed in 
folders or binders, or otherwise secured for filing. 

Following receipt of information from external sources, completion of analyses, and issuance of 
reports or other transmittals, associated records will be submitted to the proper file. In addition, 
transmitted records must be adequately protected from damage and loss during transfer (e.g, hand 
carrying or making copies prior to shipment). 
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The following documents will be transferred to the proper files during the course of the project: 
calculations and check prints; reports and other data transmittals; copies of proposals, purchase 
orders for project services, and contracts; correspondence including incoming and outgoing 
letters, memoranda, e-mails, and telephone records; and reference material. 

All individuals on the project staff will be responsible for reporting obsolete or superseded 
project-related information to the Project Manager. In turn, the Project Manager will noltify the 
project and laboratory staffs of the resulting status change in project documents, such as drawings 
and project procedures. 

In general, outdated drawings and other documents will be marked “void.” However, the Project 
Manager may request the copies be destroyed. One copy of void documents is maintained in the 
project files with the reasons, and date of voiding clearly indicated. 

Documents will be marked “preliminary” to denote calculations and other material whic.h have 
not been formally checked, or based on information which has not been checked, or do not 
contribute to final project information. 
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TABLE 6-1 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR AQUEOUS SAMPLES 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Parameter 

TCL Volatile Organic 
Compounds 

TCL Semivolatile Organic 
Compounds 

TAL Metals 

TSS 

TDS 

TPH - GRO 

TPH - DRO 

Corrosivity 
Ignitability 
Reactivity (sulfide) 
Reactivity (cyanide) 

Container Preservation Holding Time 

Three 40-ml vials with teflon septum caps Cool, 4°C 14 days (7 days if unpreserved) 
HCl pH ~2 

Two 1 -liter amber glass bottle with teflon Cool, 4°C 7 days to extraction; 
caps 40 days from extraction to 

analysis 

I-500 ml polyethylene bottle Cool 4°C 6 months; Mercury 28 days 
HN03 pH<2 

I-500 ml polyethylene bottle Cool, 4°C 2 days 

l-500 ml polyethylene bottle Cool, 4°C 7 days 

Three 40-ml vials with teflon septum caps Cool, 4°C HCI 14 days 
pH<2 

Two 1 -liter amber glass bottle with teflon Cool, 4°C 7 days 
caps 

One 120-ml polyethylene bottle Cool, 4°C Analyze ASAP 
One 1 OO-ml polyethylene bottle Cool, 4°C Analyze ASAP 
One 500 ml polyethylene bottle Cool, 4°C 14 days 
One 250 ml polyethylene bottle Cool, 4°C 14 days 

Notes: 

TCL - Target Contaminant List 
TAL - Target Analyte List 
TSS - Total Suspended Solids 
TDS - Total Dissolved Solids 



TABLE 6-2 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR SOLID SAMPLES 
SITE $9 SUPPLEMENTAL INVESTIGATION - CTQ-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Parameter Container Preservation Holding Time 

TCL Volatile Organic Three-ml EncoreTM Samplers Cool, 4°C 48 hours 

Compounds (SW-846 
Method 5035) 

TCLP Semivolatile Organic One 250-ml wide-mouth glass jar Cool, 4°C 14 days 

Compounds 

TCLP Volatile Organic One 125-ml amber wide-mouth jar Cool, 4°C 14 days 

Compounds 

TCLP Metals Two &ounce wide-mouth glass Cool, 4°C 14 days 
jars 

Corrosivity One 4-ounce wide-mouth glass jar Cool, 4°C 10 days 

Ignitability One 4-ounce wide-mouth glass jar Cool, 4°C 14 days 

Reactivity One 4-ounce wide-mouth glass jar Cool, 4°C 10 days 

TOC One 4-ounce wide-mouth glass jar Cool, 4°C 10 days 

Grain Size One 4-ounce wide-mouth glass jar Cool, 4°C N/A 

SPLP (VOCS) One 4-ounce wide-mouth glass jar Cool, 4°C 14 days 

Laboratory Permeability Shelby Tube N/A N/A 

Notes: 

TCL - Target Contaminant List 
TAL - Target Analyte List 
TCLP - Toxicity Characteristic Leaching Procedure 
TOC - Total Organic Carbon 
SPLP - Synthetic Precipitation Leaching Procedure 
N/A - Not Applicable 



7.0 CALIBRATION PROCEDURES AND FREQUENCY 

The subsections that follow describe calibration procedures and frequency. 

7.1 Field Instruments 

Two field instruments will be used for health and safety monitoring, the H-Nu System pox-table 
Photo Ionization Detection (PID) and the Bacharach O&EL Meter. These instruments will be 
calibrated on site daily according to the manufacturer’s instructions. 
calibration will be performed prior to the start of site sampling. 

In addition a factory 
The calibration standards will be 

recorded in the field logbook. 

A multi-parameter meter will be used to analyze groundwater samples. Multi-parameter meters 
are capable of measuring temperature, pH, Eh, specific conductance, and turbidity. Manufacturer 
written calibration methodology will be followed. Specific procedures for the calibration of 
water quality instruments are presented in the FSAP. 

7.2 Laboratory Instruments 

The laboratory’s procedures for calibration and related quality control measures will be conducted 
according to the protocols presented in the following documents: 

. “Statement of Work for Organic Analysis,” USEPA, OLM04.2, May 1999 

. “Sfatement of Work for Inorganic Analysis,” USEPA, ILM04.1, 1990 

. “Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater”, USEPA, 
July 1982 

. “Methods for Chemical Analysis of Water and Waste,” USEPA, 1979, Revised March 1983 

l “Environmental Protection Agency Regulations on Test Procedures for Analysis of 
Pollutants,” USEPA, 40 CFR 136 

. “Test Methods for Evaluating Solid Waste,” USEPA SW846,3rd Edition 1997 

. “Hazardous Waste Management System; Identification and Listing of Hazardous Waste; 
Toxicity Characteristics Revisions; Final Rule,” USEPA, 52 FR 26886 

Formal calibration procedures will be established to ensure that instrumentation and equipment 
used for sample analysis are accurately calibrated and properly functioning. These procedures 
will apply to all instruments and equipment quantities. All calibrations will be performed by 
laboratory personnel or external agencies using standard reference materials. 

All calibrations will be recorded on in-house calibration forms or instrument vendor forms or in 
dedicated bound notebooks. The following data will be recorded for all calibrations: the date, 
target readings, actual readings, instrument identification number, and the analyst’s initials. Other 
data may be recorded depending upon the calibration performed. 

Only properly calibrated and operating equipment and instrumentation will be used. Equipment 
and instrumentation not meeting the specified calibration criteria will be segregated from active 
equipment whenever possible. Such equipment will be repaired and recalibrated before reuse. 
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All equipment will be uniquely identified, either by serial number or internal calibration number, 
to allow traceability between equipment and calibration records. Recognized procedures (.ASTM, 
USEPA, or manufacturer’s procedures) will be used for calibration whenever available. 

7.2.1 Method Calibration 

Method calibration will be performed as part of the laboratory analytical procedure (calibration 
curves, tuning). Calibration curves will be prepared using five standards in graduated amounts 
across the appropriate range of analysis. New calibration curves will be prepared whenever new 
reagents or standards are prepared or yearly, whichever is more frequent. 

7.2.2 GUMS System Calibration Procedure 

This section outlines the requirements for the calibration of gas chromatograph/mass 
spectroscopy (GC/MS) systems for the determination of organic compounds. The fol.lowing 
operations will be performed in support of these requirements: 

l Documentation of CC/MS mass calibration and abundance pattern 
l Documentation of GC/MS response factor stability 
l Internal standard response and retention time monitoring 

Tuning and Mass Calibration 

It will be necessary to establish that a given GC/MS system meets the standard mass spectral 
abundance criteria prior to initiating data collection. This will be accomplished through the 
analysis of p-bromofluorobenzene (BFB) for volatile compounds or decafluorotri- 
phenylphosphine (DFTPP) for semivolatile compounds. The BFB or DFTPP criteria must be met 
before any blanks, standards, or samples are analyzed. 

A GCYMS system used for organic compound analysis will be tuned to meet the criteria specified 
for BFB analysis (volatile compounds) or DFTPP (semivolatile compounds) for an injection of 50 
nanograms (ng) of BFB or DFTPP. The analysis must be performed separately from standard or 
blank analysis. These criteria will be demonstrated every 12 hours of operation. Professional 
judgment must be used to determine whether background subtraction is required to eliminate 
column bleed or instrument background (i.e., noise). Calibration documentation will be in the 
form of a bar graph spectrum and a mass listing. 

GC/MS Svstem Calibration 

After tuning criteria have been met and prior to sample analysis, the GCYMS system is initially 
calibrated at five concentrations utilizing the compounds to be analyzed to determine the linearity 
of response. Internal and surrogate standards will be used with each calibration standard. 
Standards will be analyzed under the same conditions as the samples. 

l Relative Response Factor (RRF) Calculation - The USEPA specifies the internal standard to 
be used on a compound-by-compound basis for quantification. The RRF will be calculated 
for each compound at each concentration level. 

l Continuing Calibration - A calibration check standard containing all semivolatile or volatile 
compounds and surrogates will be run every 12 hours of analysis. A system performance 
check will also be performed. The criteria will be the same as the initial calibration system 
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performance check. A calibration check will also be performed. The percent differen.ce will 
be determined for each Calibration Check Compound (CCC). 

The percent Difference for each CCC must be less than or equal to 25.0 percent. The system 
performance check and calibration check criteria must be met before sample analysis can be 
performed. The continuing calibration will be recorded on the continuing calibration forms. 

7.2.3 System Calibration Procedure for Metals Analysis 

This section outlines the requirements for the calibration of atomic absorption (AA) and 
Inductively Coupled Plasma (ICP) systems for the determination of metals. The following will 
be performed in support of these requirements: 

l Documentation of standard response 
l Correlation coefficient monitoring 

The AA system utilized for direct aspiration technique analysis will be initially calibrated with a 
calibration blank and five calibration standards. The standard concentrations will be determined 
as follows. One standard will be at a concentration near, but above, the Method Detection Limit 
(MDL). The other concentrations will correspond to the expected range of concentrations found 
in the actual samples. This five-point calibration must be performed daily. 

The AA system utilized for graphite furnace technique analysis will be initially calibrated with a 
calibration blank and three calibration standards. The standard concentrations will be determined 
as follows. One standard will be at a concentration at the Contract Required Detection Limit 
(CRDL). The other concentrations will correspond to the expected range of concentrations found 
in the actual samples. This three-point calibration must be performed daily. 

For AA systems, the calibration standards will be prepared fresh each time an analysis is to be 
performed and discarded after use. The standards contain the same reagents at the same 
concentrations as will result in the samples following preparation. 

The ICP system will be calibrated initially with a calibration blank and one calibration standard. 
This calibration must be performed daily. In addition, ICP systems must undergo quarterly 
linearity checks. 

Correlation Coefficient Calculation 

Tbe data points of the blank and the five calibration standards will be utilized to calculate the 
slope, the intercept, and the correlation coefficient of the best-fit line. An acceptable correlation 
coefficient must be achieved before sample analysis may begin. An acceptable correlation 
coefficient will be >0.995 for AA analyses and >0.995 for ICP analysis. 

Calibration Verification 

The initial calibration curve will be verified on each working day by the measurement of one 
mid-range calibration standard. The calibration verification acceptance criterion will be as 
follows: 

l ICEP/GFAA - 90 to 110 percent of true value 
l Cold Vapor AA - 80 to 120 percent of true value 
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When measurements exceed the control limits, the analysis will be terminated, the problem 
corrected, the instrument recalibrated, and the calibration reverified. 

7.2.4 System Calibration Procedure for Inorganic Analyses 

This section outlines the requirements that will be used for calibration of calorimetric systems for 
analyses of inorganic parameters. The following will be performed in support of these 
requirements: 

l Documentation of standard response 
l Correlation coefficient monitoring 

The system will be initially calibrated with a blank and five calibration standards. Standard 
concentrations will be at a concentration near, but above, the MDL with additional concentrations 
corresponding to the expected range of concentrations found in actual samples. Standards contain 
the same reagents at the same concentrations as will be present in samples following preparation. 

Correlation Coefficient Calculation 

Data points of the blank and live calibration standards will be utilized to calculate slope, 
intercept, and correlation coefficient of a best-fit line. An acceptable correlation coefficient must 
be achieved before sample analysis may begin. An acceptable correlation coefficient will be 
>0.995 for all systems. 

Calibration Verification 

The initial calibration curve will be verified on each working day by the measurement of two 
calibration standards. 

l ICEP/GFAA - 90 to 110 percent of true value 
l Cold Vapor AA - 80 - 120 percent of true value 

When measurements exceed control limits, analysis will be terminated, the problem will be 
corrected, the instrument will be recalibrated, and calibration will be reverified. 

7.2.5 Periodic Calibration 

Periodic calibration must be performed on equipment required in analyses but not routinely 
calibrated as part of the analytical methodology. Equipment that falls within this category 
includes ovens, refrigerators, and balances. The calibration will be recorded either on specified 
forms or in bound notebooks. Discussed below are the equipment, the calibration performed, and 
the frequency at which the calibration must be performed. 

l Balances will be calibrated weekly with class S weights. 

l The pH meter will be calibrated daily with pH 4 and 7 buffer solutions and checked with pH 
10 buffer solution. 

l The temperatures of the refrigerators will be recorded daily. 

l All liquid in glass thermometers will be calibrated annually with the N.B.S. certified 
thermometer. Dial thermometers will be calibrated quarterly. 
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l The N.B.S. Certified Thermometer will be checked annually at the ice point. 

The following equipment must maintain the following temperatures: 

l Sample Storage and Refrigerators - within 2 degrees of 4 degrees Celsius 

l Water Bath, Mercury - within 2 degrees of 9.5 degrees Celsius 

7-5 



8.0 ANALYTICAL PROCEDURES 

The subsections that follow present analytical procedures. 

8.1 Field Analysis 

An H-Nu PI-101 meter, used to detect total organic vapors, will be used to analyze ambient air 
for health and safety monitoring, as well as to screen soil during the soil sampling. An O$LEL 
meter measures the oxygen content in the work atmosphere, as well as concentratilons of 
combustible gases relative to explosive limits. This meter will be used for health and safety 
monitoring. Both the H-Nu and OJLEL instruments will be operated in accordance with the 
manufacturer’s instructions. 

The pH, temperature, and specific conductivity of aqueous samples also will be measured in the 
field. These analyses will be obtained in accordance with “Handbook for Sampling and Sample 
Preservation of Water and Wastewater,” September 1982, EPA/600/4-82-029. 

8.2 Laboratory Analysis 

The samples that will be collected during the investigation and performed by the fixed-base 
laboratory will be analyzed for constituents listed in Tables 8-l through 8-4. Parameters ,will be 
analyzed using USEPA methods (with corresponding method performance limits) as noted in 
Tables 8-1 through 8-4. 

All soil and groundwater samples will be analyzed for VOCs. Selected soil samples will be 
analyzed for grain size, total organic carbon (TOC), and naturally leachable VOCs by synthetic 
precipitation leaching procedure (SPLP). Liquid IDW will be analyzed for Target Compound 
List VOCs and semivolatile organic compounds (SVOCs), Target Analyte List Metals, Total 
Suspended Solids, and Total Dissolved Solids. Solid IDW will be analyzed for Toxicity 
Characteristics Leaching Procedure VOCs, SVOCs, and metals, corrosivity, ignitability, and 
reactive cyanide and sulfate. 
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TABLE 8-l 

ORGANICS METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

(I) Contract Required Quantitation Limit 
(*) “Statement of Work for Organic Analysis,” USEPA Contract Laboratory Program, OLM4.2. 



TABLE 8-1 (Continued) 

ORGANIC METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
ZChloronaphthalene 
ZNitroaniline 
Dimethylphthalate 
Acenaphthylene 

Notes: 

10 330 
25 1600 
10 330 
25 1600 
10 330 
10 330 

(I) Contract Req uired Quantitation Limit 
f2) “Statement of Work for Organic Analysis,” USEPA Contract Laboratory Program, OLR43.1. 



TABLE 8-2 

INORGANIC METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Analyte 
CRDL”’ Method 
@g/L) Number(23’4) 

Method Description 

Metals 
Aluminum 200 200.7 Inductively Coupled Plasma 

Antimony 60 
200.7 Inductively Coupled Plasma 

204.2 Atomic Absorption, Furnace Technique 

200.7 
Arsenic 10 

206.2 

Barium 200 200.7 

200.7 
Beryllium 5 

210.2 

200.7 
Cadmium 5 

213.2 

200.7 
Calcium 5,000 

215.1 

Chromium 10 
200.7 
218.2 

Cobalt 50 200.7 

Copper 25 200.7 

Iron 100 200.7 

200.7 
Lead 3 

239.2 

Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 

Inductively Coupled Plasma 

Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 

Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 

Inductively Coupled Plasma 
Atomic Absorption, Direct Aspiration 

Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 

Inductively Coupled Plasma 

Inductively Coupled Plasma 

~ Inductively Coupled Plasma 1 
Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 

Notes: 

(‘I Methods taken from “Statement of Work for Inorganic Analysis,” USEPA Contract 
Laboratory Program, ILM04.1 

(2) Contract Required Detection Limit 
(3) Extraction method for arsenic, lead, selenium, and thallium taken from USEPA .Method 

3020, “Test Methods for Evaluating Sold Waste,” USEPA, 3rd Edition, 1997 
(4) Extraction m ethod for all other metals taken from USEPA Method 3010, “Test Methods 

for Evaluating Solid Waste,” USEPA, 3rd Edition, 1997 
(5) N/A = Not Applicable 



TABLE 8-2 
(Continued) 

INORGANIC METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Analyte 

(Continued) Metals 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Method CRDL”’ 
Number(2’3’4) (p&L) 

Method Description 

200.7 
Inductively Coupled Plasma 

242.1 
5000 Atomic Absorption, Direct 

Aspiration 

200.7 15 Inductively Coupled Plasma 

Water by manual cold vapor 

245.1 
technique 

245.2 0.2 
Water by automated cold vapor 

245.5 
technique 
Soil/sediment by manual cold vapor 
technique 

200.7 40 Inductively Coupled Plasma 

200.7 
Inductively Coupled Plasma 

258.1 
5000 Atomic Absorption, Direct 

Aspiration 

Selenium 
200.7 
270.2 

Inductively Coupled Plasma 
5 Atomic Absorption, Furnace 

Technique 

Silver 
200.7 
272.2 

10 
Inductively Coupled Plasma 
Atomic Absorption, Furnace 
Technique 

Sodium 
200.7 
273.1 

5000 
Inductively Coupled Plasma 
Atomic Absorption, Direct 
Aspiration 

Thallium 

Vanadium 

Zinc 

Notes: 

200.7 
279.2 

200.7 

200.7 

10 

50 

20 

Inductively Coupled Plasma 
Atomic Absorption, Furnace 
Technique 

Inductively Coupled Plasma 

Inductively Coupled Plasma 

(‘) Methods taken from “Statement of Work for Inorganic Analysis,” USEPA Contract Laboratory 

(2) 
Program, ILM04.1 

(3) 
Contract Required Detection Limit 
Extraction method for arsenic, lead, selenium, and thallium taken from USEPA Method 3020, 
“Test Methods for Evaluating Sold Waste,” USEPA, 3rd Edition, 1997 

(4) Extraction method for all other metals taken from USEPA Method 3010, “Test Methods for 

(‘) 
Evaluating Solid Waste,” USEPA, 3rd Edition, 1997 
N/A = Not Applicable 



TABLE 8-2 
(Continued) 

INORGANIC METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Analyte 

Inorganics 
Total Dissolved Solids 

Total Suspended Solids 

Method CRDL”’ 
Number wm 

Method Description 

EPA 160.1 N/A N/A 

EPA 160.2 N/A N/A 

Notes: 

(1) Methods taken from “Statement of Work for Inorganic Analysis,” USEPA Contract 
Laboratory Program, ILM04.1 

(2) Contract Required Detection Limit 
(3) Extraction method for arsenic, lead, selenium, and thallium taken from USEPA Method 

3020, “Test Methods for Evaluating Sold Waste,” USEPA, 3rd Edition, 1997 
(4) Extraction method for all other metals taken from USEPA Method 3010, “Test Methods 

for Evaluating Solid Waste,” USEPA, 3rd Edition, 1997 
(3 N/A = Not Applicable 



TABLE 8-3 

TCLP METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Parameter 

TCLP Volatiles 

Renzene 

Aqueous Solid 
PQL”’ PQL”’ 

wb o-@/kg) 

5 10 

Method 

EPA Method 35501 
EPA Method 8240 

Carbon Tetrachloride I 5 I 5 I 

Chloroform I 5 I 5 I 

1,2-Dichloroethane 

l,l-Dichloroethylene 

5 5 

5 5 

Methyl ethyl ketone NA NA 

Tetrachloroethvlene 5 5 

Trichloroethylne I 5 I 5 I 
Vinyl Chloride I 10 I 10 ~~~ I 

~~ TCLP Semivolatiles 

o-Cresol 

m-Cresol 

p-Cresol I IO I 660 I 

Cresol I 10 I 660 I 
I ,4-Dichlorobenzene IO 660 

2.4-Dinitrotoluene 10 660 

Hexachlorobenzene I 10 I 660 I 
Hexachlorobutadiene IO 660 

Hexachloroethane 10 660 

Nitrobenzene 10 660 

Pentachloronhenol 50 3.300 

Pyridine I 50 I 660 I 
2,4,5-Trichlorophenol 10 660 

2,4,6-Trichlorophenol 10 660 

Notes: 

(1) Practical Quantitation Limit, taken from “Test Methods for Evaluating Sold Waste,” IJSEPA, 
3rd Edition, 1997. 

Note: These methods will be used to analyze the Toxicity Characteristic Leaching Procedure (TCLP) 
extract. The extract will be prepared using Method 13 11, described in “Hazardous Waste 
Management Systems; Identification and Listing of Hazardous Waste; Toxicity Characteristics 
revision; Final Rule,” USEPA, 52FR 26886. 



TABLE 8-3 
(Continued) 

TCLP METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Analyte 

TCLP Metals 
Arsenic 10 

Barium 

30 6010A 
7060 

20 1 6010A 
Cadmium 1 2 6010A 

7131A 
Chromium 20 4 6010A 

7191A 
Lead 10 2 6010A 

7421A 

Water 
PQL”’ 

Q-&L) 

Mercury 2 0.002 7470A 

Method Description 

Inductively Coupled Plasma 
Atomic Absorption, Furnace Techniq,ue 
Inductively Coupled Plasma 
Inductively Coupled Plasma 
Atomic Absorption, Furnace Techniqlue 
Inductively Coupled Plasma 
Atomic Absorption, Furnace Techniqlue 
Inductively Coupled Plasma 
Atomic Absorption, Furnace TechniqE 
Water by manual cold vapor technique 
Water by automated cold vapor 
technique 
Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 
Inductively Coupled Plasma 
Atomic Absorption, Furnace Technique 

Notes: 

(1) Practical Quantitation Limit, taken from “Test Methods for Evaluating Sold Waste,” LJSEPA, 
November 1986 and 1996 updates. 

Note: These methods will be used to analyze the Toxicity Characteristic Leaching Procedure (TCLP) 
extract. The extract will be prepared using Method 13 11, described in “Hazardous, Waste 
Management Systems; Identification and Listing of Hazardous Waste; Toxicity Characteristics 
revision; Final Rule,” USEPA, 52FR 26886. 



TABLE 8-4 

RCRA/ENGINEERING PARAMETERS METHOD PERFORMANCE LIMITS 
SITE 89 SUPPLEMENTAL INVESTIGATION - CTO-0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Parameter 

RCRA 

pWCorrosivity 

Ignitability 

Reactive Cyanide 

Reactive Sulfide 

Engineering Parameters 

SPLP (VOCS) 

Total Organic Carbon 

Grain Size 

Laboratory Permeability 

Aqueous 
PQL”’ 

N/A”’ 

N/A”’ 

10 mg/l(‘) 

50 mg/l”) 

N/A 

N/A 

N/A 

N/A 

- 
Solid 

PQL”’ 
Method 

- 

N/A”’ sw-8469010- 
- 

N/A”’ SW-846 1010 

10 mg/l(‘) SW-846 9012: 
- 

50 mg/kg(‘) SW-846 9030 

(2) SW-846 1312-- 

500 mglkg SW-846906Oi- 
(Modified) or 
ASTM D3178 

(Modified) 

N/A ASTM D421 J422 

N/A ASTM D5084- 
- 

Notes: 

(1) Practical Quantitation Limit, taken from “Test Methods for Evaluating Sold Waste,” 
USEPA, 3’d Edition, 1997. 

(2) Same limits for VOCs as presented on Table 8-l. 

N/A - Not Applicable 
SPLP - Synthetic Precipitation Leaching Procedure 



9.0 DATA REDUCTION, VALIDATION AND REPORTING 

The subsections that follow present data reduction, validation, and reporting procedures. 

9.1 Field Data Procedures 

Data validation practices will be followed as described by: 

. “Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses,” 
USEPA, June 1988. 

l “Laboratory Data Validation Functional Guidelines for Evaluating Organic Analyses - Draft,” 
USEPA, June 1991 

The purpose of these practices is to insure that raw data are not altered and that an audit trail is 
developed for those data that require reduction. The documentation of sample collection will 
include the use of bound field logbooks in which all information on sample collection .will be 
entered in indelible ink. Appropriate information will be entered to reconstruct the sampling 
event, including site name (top of each page), sample identification, brief description of sample, 
date and time of collection, sampling methodology, field measurements and observations, and 
sampler’s initials (bottom of each page, and dated). 

A rigorous data control program will insure that all documents for the investigations are 
accounted for when they are completed. Accountable documents include items such as log 
books, field data records, correspondence, chain-of-custody records, analytical reports, data 
packages, photographs, computer disks, and reports. The project manager will be responsible for 
maintaining a project file in which all accountable documents will be inventoried. The project 
records will be retained for a period of three years after project closeout; then the files will be 
forwarded to the Navy. 

All the field data, such as those generated during field measurements, observations and field 
instrument calibrations, will be entered directly into a bound field notebook. Each project team 
member will be responsible for proofing all data transfers made and the Project Manager or his 
designee will proof at least ten percent of all data transfers. 

9.2 Laboratory Data Procedures 

The following procedures summarize the practices routinely used by laboratory staff for data 
reduction, validation, and reporting. Numerical analyses, including manual calculations, will be 
documented and subjected to quality control review. Records of numerical analyses must be 
legible and complete enough to permit reconstruction of the work by a qualified individual other 
than the originator. 

9.2.1 Laboratory Data Validation 

Data validation begins with data reduction and continues through to the reporting of data. 

Data processing will be checked by an individual other than the analyst who performed the data 
processing. The checker will review the data for the following: 

l Utilization of the proper equations 
l Correctness of numerical input 
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l Correctness of computations 
l Correct interpretation of raw data (chromatographs, strip charts, etc.) 

The checking process will be sufficient thorough enough to verify the results. 

All entries made in bench books, data sheets, computation sheets, input sheets, etc. will be made 
in ink. No entry will be rendered unreadable. 

9.2.2 Analytical Reports 

The items listed below will be required of analytical reports. 

. 

0 

l 

. 

. 

. 

0 

l 

. 

. 

l 

. 

0 

. 

Data will be presented in a tabular format. 

Analytical reports will be approved by appropriate laboratory personnel. 

The following information will be included on the report: client name and address,, report 
date, sample date, analysis dates, number of samples, purchase order number, project number, 
and project type. All pages must be numbered. 

The sample numbers and corresponding laboratory numbers will be identified. 

The parameters analyzed, report units, and values will be identified. 

Method, trip, and field blank results will be reported. 

Matrix spike, matrix spike duplicate, and replicate recoveries will be reported. 

Calibration summaries will be reported. 

Surrogate recoveries will be reported. 

Holding times and sample analysis dates will be reported. 

The detection limit of the procedure will be identified. 

Consistent significant figures will be used. 

Referenced footnotes will be used when applicable. 

A letter of transmittal will accompany the report if any anomalies are associated with the 
data. 

9.3 Independent (Third Parti) Data Validation 

Review of all pertinent analytical data will be performed by Baker personnel and an independent 
third party data validator. 

A preliminary review will be performed by the Project Manager or designee to verify that all- 
necessary paperwork (e.g., COC forms, traffic reports, analytical reports, and laboratory 
personnel signatures) and deliverables are present. A detailed and independent data validation 

9-2 



will be performed by a data validation subcontractor to verify the qualitative and quantitative 
reliability of the data presented and adherence to stated analytical protocols. This review will 
include a detailed review and interpretation of all data generated by the laboratory for Level IV 
deliverables. The primary tools that will be used by experienced data validation personnel .will be 
analytical method operating practices, statements of work (for Contract Laboratory Program 
[CLP]), guidance documents, established criteria, and professional judgment. 

During the data review, a data support documentation package will be prepared which will 
provide the back-up information that will accompany all qualifying statements present in the 
quality assurance review. 

CLP data will be validated per the CLP criteria as outlined in the following documents: 

l USEPA, Hazardous Site Control Division, Laboratory Data Validation Functional Guidelines 
for Evaluating Organics Analyses, 1994. 

l USEPA, Hazardous Site Evaluation Division, Laboratory Data Validation Functional 
Guidelines for Evaluating Inorganics Analyses, 1994. 

All other data will be validated in accordance with method of analysis using the National 
Functional Guidelines as a reference. 
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10.0 INTERNAL QUALITY CONTROL CHECKS 

The following section describes internal quality control checks. 

10.1 Field Quality Control Checks 

Four types of field QA/QC samples will be submitted to the laboratory, including trip blanks, 
equipment rinsates, field blanks, and field duplicates. The results from the field quality control 
samples will be used by the data validator to determine the overall quality of the data. A 
breakdown by type of sample with which the QA/QC samples will be submitted to the 
laboratories is given in Table 10-l. A summary of the number of environmental and QA/QC 
samples to be submitted for analysis will be given in the FSAP. 

Field Blanks 

Field blanks consist of the source water used in decontamination, steam cleaning, and drilling. At 
a minimum, one field blank from each vent and each source of water must be collected and 
analyzed for the same parameters as the related samples. Organic-free deionized water is taken to 
the field in sealed containers and poured into the appropriate sample containers at predesignated 
locations. This will be done to determine if any contaminants present in the area may hlave an 
affect on the sample integrity. 

Trip Blank 

Analysis of trip blanks will be performed to monitor possible contamination during shipment and 
collection of samples. Trip blanks are initiated in the laboratory prior to the shipping of sample 
packs. A corresponding trip blank will be prepared for each set of samples to be analyzed for 
volatile organic compounds. 

Trip blank samples will be prepared by adding four drops of concentrated hydrochloric acid and 
then filling the container with organic-free deionized water. The trip blanks accompany the 
samples through shipment to the sample site, sample collection, shipment to the laboratory, and 
storage of the samples. 

If the analyses indicate contamination of the trip blank, the sample sources may be resampled. If 
the extent and nature of the contamination does not warrant such actions, the data ,will be 
accepted as valid. 

Field Duplicates 

Duplicates for soil samples are collected, homogenized, and split. All samples except ,volatile 
organic compounds (VOCs) are homogenized, and split. VOC samples are not mixed, bu.t select 
segments of the soil are taken from the length of the core by the EncoreTM Sampler. Cores may 
be sealed and shipped to the laboratory for subsampling if the project deems this appropriate. 
The duplicate for water samples should be collected simultaneously. Field duplicates should be 
collected at a frequency of 10% per sample matrix for Levels III and IV. All the duplicates 
should be sent to the primary laboratory responsible for analysis. The same samples used for 
field duplicates shall be split by the laboratory and used by the laboratory as the laboratory 
duplicate or matrix spike. This means that for the duplicate sample, there will be analyses of the 
normal sample, the field duplicate, and the laboratory matrix spike/duplicate. 
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Equipment Rinsates 

Equipment rinsates are the final organic-free deionized water rinse from equipment cleaning 
collected during a sampling event. The results of the blanks will be used to flag or assess levels 
of analytes in the samples. This comparison is made during validation. The rinsates are analyzed 
for the same parameters as the related samples. 

10-2 Laboratom Oualitv Control Checks 

This section provides descriptions of the laboratory quality control checks. 

Method Blank 

Analysis of method blanks will be performed to verify that method interferences cauised by 
contamination in reagents, glassware, solvents, etc. are minimized and known. 

Method blanks will be initiated by the analyst prior to the preparation, and/or analysis of the 
sample set. A method blank consists of a volume of organic-free deionized water equal to the 
sample volume that is carried through the entire analytical procedure. For solid samplers to be 
analyzed by GUMS, the method blank consists of a purified solid matrix approximately equal to 
the sample weight. A method blank will be analyzed with each set of samples or at the very least, 
daily. If the analytical data of the method blank indicates excessive contamination, the source of 
contaminant will be determined. The samples may be re-analyzed or the data may be processed 
“as is” depending upon the nature and extent of the contamination. 

Replicate Sample Analysis 

Replicate sample analysis will be performed to demonstrate the precision of an analysiis. An 
inter-laboratory replicate sample is initiated by the analyst prior to sample preparation and carried 
through the entire analytical procedure. The frequency of inter-laboratory replicate analysis for 
each analyte is summarized in Table 1 O-2. 

Spike Analysis 

Spike analysis will be performed to demonstrate the accuracy of an analysis. The analyst initiates 
the spike prior to sample preparation and analysis by adding a known amount of analytel(s) to a 
sample. The spike sample is carried through the entire analytical procedure. The frequency of 
spike analysis for each analyte(s) is summarized in Table 10-2. 

Surrogate Standards 

Surrogate standard analysis will be performed to monitor the preparation and analyses of samples. 
All samples and blanks analyzed by GUMS and GC are fortified with a surrogate spiking 
solution prior to extraction or purging. 

Internal Standards 

Internal standard analyses will be performed to monitor system stability. Prior to injection or 
purging, internal standards are added to all blanks and samples analyzed by GUMS (refer to 
Section 5.1-l). 
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Matrix Spikes and Matrix Spike Duplicates 

A matrix spike is an aliquot of a matrix (water or soil) fortified (spiked) with known quantities of 
specific compounds and subjected to the entire analytical procedure in order to indicate the 
appropriateness of the method for the matrix by measuring recovery. A matrix spike duplicate is 
a second aliquot of the same matrix as the matrix spike that is spiked in order to determine the 
precision of the method. A matrix spike and matrix spike duplicate will be performed at a 
frequency of 1 per 20 samples for organics. 

10.3 Laboratory Control Limits 

Control limits will be established for QC checks (spikes, duplicates, blanks, etc.). CLP control 
limits for surrogate standards spikes, and duplicates associated with GUMS analyses and 
pesticides/PCB analyses will be applied. Control limits for spikes, duplicates, and reference 
samples will be determined internally through statistical analysis. 

Whenever an out-of-control situation occurs, the cause is determined. Any needed corrective 
actions must be taken. 

Method Blanks 

For metals analyses, the criteria below are used for method blank analysis: 

l If the concentration of the method blank is less than or equal to the detection level, no 
correction of sample results is performed. 

l If the concentration of the blank is above the detection level for any group of samples 
associated with a particular blank, the concentration of the sample with the least concentrated 
analyte must be ten times the blank concentration. Otherwise, all samples associated with the 
blank and less than ten times the blank concentration must be redigested (reprepared) and 
reanalyzed, if possible. If the affected samples cannot be reprepared and reanalyzed1 within 
method holding times, the flagged sample result and the blank result are both to be reported. 
The sample value is not corrected for the blank value. 

For GUMS, GC analyses, the criteria below are used for method blank analysis: 

l A method blank for volatile organic analysis must contain no greater than five times the 
detection limit of common laboratory solvents (common laboratory solvents are: methylene 
chloride, acetone, toluene, 2-butanone, and chloroform). 

l A method blank for semivolatile organics analysis must contain no greater than five times the 
detection limit of common phthalate esters. 

l For all other compounds not listed above, the method blank must contain less than the 
detection limit of any single compound. If a method blank exceeds the criteria, the analytical 
system is considered to be out of control. The source of the contamination is investigated and 
appropriate corrective measures are taken and documented before sample analysis proceeds. 
All samples processed with a method blank that is out of control (i.e., contaminated), are 
reextracted/repurged and reanalyzed, when possible. If the affected samples cannot be 
reextractedrepurged and reanalyzed within method holding times, the flagged sample result 
and the blank result are both to be reported. The sample value is not corrected for the blank 
value. 
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l No positive result for pesticides/PCBs should be reported unless the concentration of the 
compound exceeds five times the amount in the blank. 

a A method blank for pesticides/PCBs must contain no greater than five times the detection 
limit for any pesticides/PCBs. 

Surrogate Standards 

For method blank surrogate standard analysis, corrective action will be taken if any one of the 
conditions below exist: 

l Recovery of any one surrogate compound in the volatile fraction is outside the required 
surrogate standard recovery limit. 

l Recovery of any one surrogate compound in the semivolatile fraction is outside surrogate 
standard recovery limits. 

Corrective action will include steps listed below: 

l A check of: the calculations for errors; the internal standard and surrogate spiking solutions 
for degradation, contamination, etc.; and instrument performance. 

l Recalculation or reinjection/repurging of the blank or extract if the above corrective actions 
fail to solve the problem. 

l Reextraction and reanalysis of the blank. For sample surrogate standard analysis, corrective 
action will be taken if any one of the following conditions exist: 

b Recovery of any one surrogate compound in the volatile fraction is outside the surrogate 
spike recovery limits; 

t Recovery of any one surrogate compound in either semivolatile fraction is below ten 
percent; or 

b Recoveries of two or more surrogate compounds in either semivolatile fraction are 
outside surrogate spike recovery limits. 

Corrective action will include the steps listed below. 

l A check of: the calculations for errors; of the internal standard and surrogate spiking 
solutions for degradation, contamination, etc.; and of instrument performance. 

l Recalculating or reanalysis the sample or extract if the above corrective action fails ‘to solve 
the problem. 

l Reextraction and reanalysis of the sample if none of the above are a problem. 
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TABLE 10-l 

QAJQC SAMPLE FREQUENCY 
SITE 89 SUPPLEMENTAL INVESTIGATION - CT0 0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Type of Sample Metal 

Trip Blank (for volatiles only) NA”’ 

Equipment RinsateC2) NA 
Field Blank One per source per eventC3) 
Field DuplicateC4’ 10% 

Organic 

One per cooler or one per 
shipping day 
One per sampling method 
One per source per eve:ntC3) 
10% 

Notes: 

(‘) Not Applicable 
C-4 Samples are collected daily; however, only samples from every other day are analyzed. Other 

samples are held and analyzed only if evidence of contamination exists. 
::: Source water includes water used in decontamination, steam cleaning, and drilling. 

The duplicate must be taken from the sample which will become the laboratory matrix 
spike/matrix spike duplicate for organics or for the sample used as a duplicate in inorganic 
analysis. 



TABLE 10-2 

QA/QC ANALYSIS FREQUENCY 
SITE 89 SUPPLEMENTAL INVESTIGATION - CT0 0181 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Parameter 

Organic 
All analyses by GUMS 
All analyses by GC 

Metals 
Liquids by flame AA or ICP 
Solids by flame AA or ICP 
All analyses by furnace AA 

Replicate Spike 

5% 5% 
5% 5% 

5% 5% 
5% 10% 
5% 10% 



11.0 PREVENTIVE MAINTENANCE 

The following section outlines preventative maintenance. 

11.1 Field Maintenance 

The H-Nu PI-101 meter is to be used in site characterization and will be maintained as described 
by the manufacturer’s instructions. The pH and specific conductance meters to be used during 
sampling will be maintained according to Baker’s Standard Operating Procedure (SOP) F2.01. A 
full set of SOPS will be maintained in the field trailer. 

11.2 Laboratory Maintenance 

Preventive maintenance is an organized program of actions to prevent instruments and equipment 
from failing during use and to maintain proper performance of equipment and instruments. A 
comprehensive preventive maintenance program is implemented to increase the reliability of the 
measurement system. The preventive maintenance program will address the following: 

l Schedules of important preventive maintenance tasks that are carried out to minimize 
downtime. 

l Lists of critical spare parts that are available to minimize downtime. 

The laboratory maintains histories, in instrument/equipment logs, of all major equipment. 
Troubleshooting, maintenance, and spare parts inventory will be recorded in the logs. 
Instruments and equipment will be maintained periodically in accordance with procedures 
described in individual analytical methods, manufacturer’s recommendation, and/or service 
contracts. 

The modem analytical laboratory depends heavily upon instrumentation and equipment; 
therefore, cleaning and preventive maintenance are primary considerations in the sustained 
production of satisfactory data. Specific requirements for proper care of laboratory 
instrumentation and equipment are contained in the manufacturer’s instructions; however, some 
general guidelines are considered, and are listed below. 

l Special precautions must be taken to avoid spillage of corrosive chemicals on or around 
equipment and instrumentation not only to extend the life of the item, but also to eliminate 
contamination. 

l Where available, covers must be placed on instrumentation when not in use. 

l Instrument parts must be cleaned as required (i.e., mirrors, probes, detector cells). 
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12.0 DATA MEASUREMENT ASSESSMENT PROCEDURES 

The subsections that follow outline data measurement assessment procedures. 

12.1 Overall Proiect Assessment 

Overall data quality will be assessed by a thorough understanding of the data quality objectives. 
By maintaining thorough documentation of all decisions made during each phase of sampling, 
performing field and laboratory audits, thoroughly reviewing the analytical data as thley are 
generated by the laboratory, and providing appropriate feedback as problems arise in the field or 
at the laboratory, data accuracy, precision, and completeness will be closely monitored. 

12.2 Field Qualitv Assessment 

To assure that all field data are collected accurately and correctly, specific written instructions 
will be issued to all personnel involved in field data acquisition by the Project Manager. The 
evaluation (data review) of field blanks, and other field QC samples will provide definitive 
indications of the data quality. If a problem that can be isolated arises, corrective actions can be 
instituted for future field efforts. 

12.3 Laboratorv Data Qualitv Assessment 

As part of the analytical QA/QC program, the laboratory applies precision and accuracy criteria 
for each parameter that is analyzed. When analysis of a sample set is completed, QC data 
generated will be reviewed and evaluated to ensure acceptance criteria are met. These criteria 
will be method and matrix specific. 

QA/QC data review is based on the following criteria: 

l Method Blank Evaluation - The method blank results will be evaluated for high readings 
characteristic of background contamination. If high blank values are observed, laboratory 
glassware and reagents are checked for contamination and the analysis of future samples 
halted until the system can be brought under control. A high background is defined as a 
background value sufficient to result in a difference in the sample values, if not corrected, 
greater than or equal to the smallest significant digit known to be valid. A method blank 
must contain no greater than two times the parameter detection limit for most parameters. 

l Trip Blank Evaluation - Trip blank results will be evaluated for high readings similar to the 
method blanks described above. If high trip blank readings are encountered (i.e. a value 
sufficient to result in a difference in sample values, if not corrected, greater than or equal to 
the smallest significant digit known to be valid), procedures for sample collection, shipment, 
and laboratory analysis are reviewed. If both the method and the trip blanks exhibit 
significant background contamination, the source of contamination is probably within the 
laboratory. Ambient air in the laboratory and reagents will be checked as possible sources of 
contamination. 

l Standard Calibration Curve Verification - The calibration curve or midpoint calibration 
standard (check standard) will be evaluated daily to determine curve linearity through, its full 
range and that sample values are within the range defined by the low and high standards. If 
the curve is not linear, sample values are corrected. If average response factors are used to 
calculate sample concentrations, these factors are verified on a daily basis. Verification of 
calibration curves and response factors will be accomplished when the evaluated response for 
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any parameter varies from the calibrated response by less than ranges specified in !Section 
7.0. 

Duplicate Sample Analyses - Duplicate sample analyses will be used to determine the 
precision of the analytical method for the sample matrix. Two types of duplicate samples 
will be analyzed for this project, field, and laboratory. Duplicate results will be used to 
calculate precision as defined by the relative percent difference (RPD). If laboratory 
duplicate values exceed the control limit, the sample set may be reanalyzed for the parameter 
in question. Precision limits will be updated periodically following review of data. 

Reference Sample Analyses - The results of reference sample analysis will be compared with 
true values, and the percent recovery of the reference sample will be calculated. If correction 
is required (excessive or inadequate percent recovery), the reference sample must be 
reanalyzed to demonstrate that the corrective action has been successful. 

Surrogate Standard Analvses - Surrogate standard determinations will be performed1 on all 
samples and blanks for GUMS analyses. All samples and blanks are fortified with surrogate 
spiking compounds before purging or extraction to monitor preparation and analysis of 
samples. Recoveries must meet specific criteria. If acceptance criteria are not met, corrective 
action must be taken to correct the problem and the affected sample must be reanalyzed. 

Matrix Soike Analvses - The observed recovery of spike versus theoretical spike recovery 
will be used to calculate accuracy as defined by the percent recovery. If the accuracy value 
exceeds the control limit for the given parameter, the appropriate laboratory personnel 
notified and corrective action will be taken before the sample set is reanalyzed for the 
parameter in question. 

For completeness, it is expected that the methodology proposed for chemical characterization of 
the samples will meet QC acceptance criteria for at least 95 percent of all sample data. To ensure 
this completeness goal, data that does not meet the acceptance criteria will be recollected, 
reextracted, or reanalyzed, if necessary. 

Data representativeness will be ensured through the use of appropriate analytical procedures, and 
analysis performed within the allowed holding times. Comparability is a qualitative characteristic 
of the data. By using standard methods for sampling and analyses, data generated in past or 
future investigations will be comparable with this investigation data. 
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13.0 CORRECTIVE ACTION 

Corrective action will be taken whenever a nonconformance occurs. A nonconformance will be 
defined as an event that is beyond the limits established for a particular operation by the plan. 
Nonconformances can occur in a number of activities. Such activities include sampling 
procedures, sample receipt, sample storage, sample analysis, data reporting, and computations. 

The following personnel will be responsible for detecting and reporting nonconformances: 

l Project Staff - during testing and preparation and verification of numerical analyses. 

l Laboratory Staff - during the preparation for analyses, performance of analytical procedures, 
calibration of equipment, and quality control activities. 

13.1 Limits of ODeration 

The limits of operation that are used to identify nonconformances will be established by the 
contents of the Work Plan, QAPP, and FSAP. Inter-laboratory control limits produced by 
statistical analyses will also be considered as limits of operation. 

13.2 Corrective Action 

Nonconformances will be identified and communicated to Baker to avoid deliays with respect to 
project schedules and prevent the submission of non-valid data. Documentation will include the 
following: 

l Personnel identifying the nonconformance(s) will be identified. 

l The nonconformance(s) will be described and communicated to the Baker Project Manager. 

l For serious nonconformances, the site supervisor will have the authority to initiate corrective 
action. 

l For less serious nonconformances, corrective action will be decided upon and signatures will 
be obtained prior to implementation of corrective action. 

l All nonconformances and corrective actions will be documented and reside with the Baker 
Activity Coordinator. This documentation will be available to DON, Atlantic Division 
(LANTDIV). 

The Baker Project Manager will be notified of laboratory or field nonconformances and 
corrective actions taken if: 

l A nonconformance causes a delay in work beyond the schedule completion date. 

l A nonconformance affects information already reported. 

l A nonconformance affects the validity of the data. 

If the nonconformance(s) are serious and corrective action cannot resolve the problem(s), NFESC 
Contract Representatives (NCRs) and the LANTDIV NTR may be notified by Baker. 
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14.0 QUALITY ASSURANCE REPORTING PROCEDURES 

The Project Manager will be responsible for assessing the performance of measurement systems 
and data quality related to the field investigation. A written record will be maintained ‘of: the 
results of laboratory QC reports and other periodic assessments of measurement, data accuracy, 
precision, and completeness; performance and system audits; and any significant QA problems 
and recommended solutions. Each deliverable will contain a QA/QC assessment section. 141so, a 
QA/QC assessment will be performed any time a significant problem is identified. 

The Project Manager will keep in contact with the LANTDIV NTR through informal, verbal 
reports during the project as well as through monthly progress reports. 
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EXECUTIVE SUMMARY 

This Health and Safety Plan (HASP) addresses the upcoming Supplemental Investigation (SI) at Site 
89 of Operable Unit (OU) No. 16, Marine Corps Base (MCB), Camp Lejeune, North Carolina. The 
SI is a follow on action to the Time-Critical Removal Action (TCRA) being conducted in the thyid and 
fourth quarters of 2000. The TCRA addressed the contaminant source zone in unsaturated soils 
(vadose zone). The SI will address the contaminant source zone in the uppermost water-bearing zone. 
The goals of the SI include defining the stratigraphy and the extent of contamination in the source 
zone, identifying the objectives of the remedial action, analyzing the various alternatives that may be 
used to satisfy the objectives for cost, effectiveness, and implementability. The field portion of the SI 
will include the completion of soil borings to characterize stratigraphy and delineate Dense Non- 
Aqueous Phase Liquid (DNAPL)/source zone below the groundwater table and the installation of 
monitoring wells to define the extent of groundwater contamination. The primary chemical hazards 
associated with the tasks at this site are expected to include potential exposures to varying levels of 
chlorinated volatile organic compounds (VOCs). 

The physical hazards are expected to include working around heavy equipment, 
underground/overhead utilities, uneven/sloped terrain, and thermal stress. The environmental hazards 
may include potentially hazardous flora and fauna. Each of these hazards is described in Section 3.0. 

Section 5.0 describes the environmental monitoring requirements which consist of using a 
photoionization detector (PID), Draeger hand pump with detector tubes, and oxygen/combustible gas 
meter. 

The level of personal protection assigned for work tasks and other operations will be Levels D through 
C with protection upgrades/downgrades dependent on monitoring results and the Site Health and 
Safety Officer’s discretion. Section 6.0 describes the personal protective equipment to be used. 
Section 8.0 describes emergency procedures, which includes Figure S-l, showing the route to the 
nearest public hospital, and Figure 8-2 identifying the written directions to the hospital, along with 
first aid procedures, communication procedures, and other site concerns. Table 8-1 identifes the 
emergency phone numbers. 
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1.0 INTRODUCTION 

This Health and Safety Plan (HASP) has been developed by Baker Environmental, Inc. (Baker) to 
accompany the Project Plans, which include a Work Plan, Field Sampling Plan, Quality Assurance 
Plan, and HASP, for Contract Task Order (CTO) 0 18 1. The objective of the project is to conduct a 
Supplemental Investigation (SI) at Site 89, Marine Corps Base (MCB) Camp Lejeune, North Carolina. 
The purpose of this HASP is to comply with the safety and health regulations of the OSHA General 
Industry and Construction Standards and to define the requirements and designate protocols to be 
followed during the SI activities involving dense non-aqueous phase liquid (DNAPL), contaminated 
soils, and contaminated groundwater. The HASP is considered an operational document which is 
subject to revisions in response to various site-specific conditions which may be encountered. It may 
be amended by the Site Health and Safety Officer (SHSO) as needed, after consulting with the Project 
Health and Safety Offtcer (PHSO). The Site Manager and Project Manager will remain informed of 
any changes that may affect site operations. 

1.1 Policy 

It is the policy of Baker Environmental, Inc. (Baker) that all on-site hazardous waste manalgement 
activities be performed in conformance with a site-specific HASP. The HASP is written based on the 
anticipated hazards and expected work conditions and applies to field activities to be performe:d under 
this CTO. Applicability of this HASP extends to all Baker employees, Baker’s subcontractors, and 
visitors entering the site. However, subcontractors are expected to provide their own HASP and 
relevant Standard Operating Procedures (SOPS) that pertain to the activities they are contracted to 
perform on the site. This information will then become part of the site HASP. All personnel must 
review the HASP and sign an agreement to comply with its provisions prior to commencing any on- 
site work. The HASP is considered an operational document which is subject to revisions in response 
to various site-specific conditions which may be encountered. However, it may be modified/updated 
only with the approval of the Project Health and Safety Officer (PHSO) and Project Manager. Proper 
notification will be given to the Atlantic Division (LANTDIV) Naval Facilities Engineering Command 
Navy Technical Representative (NTR) when significant changes to the HASP are implemented. 

1.2 Scope 

The provisions of this HASP are applicable to Baker personnel involved with the SI field activities. 
This site-specific HASP has been prepared in accordance with the U.S. Department of Labor 

Occupational Safety and Health Administration (OSHA) Hazardous Waste Operations and Emergency 
Response (HAZWOPER)Standard, 29 CFR 1910.120 and 1925.65. 

1.3 Site Description 

Site 89, located near the intersection of “G” and Eighth Streets, is the larger of two sites within 
Operable Unit 16 of MCB, Camp Lejeune. It encompasses a significant portion of Camp Geiger and 
includes all of the DRMO and additional area to the south and east. The DRMO is operated by the 
Defense Logistics Agency (DLA), with the primary function of managing scrap and surplus metal. 
The SI Investigation will be conducted in the southern portion of the DRMO, which was formerly 
used for heavy vehicle storage and maintenance. 
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A portion of Site 89 is currently used as a storage yard for the DRMO. Asphalt roads and gravel 
parking areas cover most of the western portion of Site 89. The eastern portion of the site is heavily 
wooded, as is the area immediately south of the DRMO. Edwards Creek, the nearest surface water 
body, is located along the western and southern portions of the site. The land surface of Site 89 gently 
slopes in the direction of Edwards Creek, which begins as a series of drainage ditches within Camp 
Geiger. The creek begins near Eighth Street and flows south for a short distance before turning east, 
where it tends to widen as it flows through the wooded area of Site 89. The eastern portion of the 
creek flows through a low-lying swampy area. A housing development lies to the southeast of the site. 
The wooded area to the east of the DRMO is designated a Hunting Area 1A. 

The site is bordered by the former Seaboard Coastline Railroad and wooded areas to the east, Edwards 
Creek to the south, the current motor pool to the north, and Camp Geiger to the west. 

1.4 Proiect Description 

The work tasks that will be conducted during the SI activities by Baker personnel include the 
following: 

l Advancement of soil borings using direct push techniques. 

l Advancement of soil borings using hollow stem auger drilling techniques and collection of soil 
samples using split-spoon sampling devices. 

l Installation of monitoring wells and collection of groundwater samples. 

l Conduct slug tests in completed monitoring wells. 

1.5 References 

The following publications have been referenced in the development and implementation of this 
HASP: 

l ACGIH Threshold Limit Values for Chemical Substances 2000. 

l OSHA Federal Regulation. 29 CFR 1910 and 1926. 1995. 

l OSHA/NIOSWEPA/USCG Occupational Health and Safetv Guidance Manual for Hazardous 
Waste Site Activities. October 1985. 

l NIOSH Pocket Guide to Chemical Hazards. June 1997. 

l Genium Publishing Corp, Genium’s Reference Collection, MSDSs 

. EPA Standard Operating Safetv Guidelines. June 1992. 

l Lewis, Richard J., Sr. Hazardous Chemicals Desk Reference. 1991. 
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2.0 SITE ORGANIZATION AND COORDINATION 

The following personnel have direct responsibility for health and safety management at the sites under 
investigation, are identified as follows: 

Project Manager - Ms. Tracey O’Keefe - The Baker Project Manager has the responsibility to 
ensure that the elements of the Work Plan are implemented in a safe and healthy manner in 
accordance with the HASP. 

Project Health and Safety Officer - Mr. Brian Karlovich - The PHSO is responsible for.the 
preparation, review, and approval of the HASP. The PHSO is also responsible for resolving 
issues that arise in the field with respect to interpretation or implementation of the HASP. 

Site Manager - Mr. Mark DeJohn - The Site Manager is responsible for assuring that day-to-day 
activities are conducted in accordance with the HASP. The Site Manager has the immediate 
authority to suspend field activities if conditions/activities develop or exist that present an 
immediate health or safety risk to the employees. 

Site Health and Safety Officer - Mark DeJohn - The SHSO will be responsible for continually 
evaluating safety on the site and ensuring adherence to the HASP. The SHSO, upon consultation 
with the PHSO, has authority to modify the existing HASP procedures as conditions warrant. The 
SHSO will also be responsible for the preparation of daily reports which include the day’s events 
from a health and safety standpoint, for documentation of measurements taken for health and 
safety purposes, and for reporting accidents and other relevant health and safety issues. 

Field Team Members - (to be determined) - Field Team Members will be responsible for 
familiarity and compliance with the HASP. Field Team Members will also be responsible for 
remaining alert to identified and unidentified hazards and reporting the unidentified hazards to 
the SHSO and Site Manager, and offering suggestions or recommendations that may improve or 
enhance site safety. 

Subcontractor personnel are responsible for: 

l Complying with the conditions outlined under “Field Team Members”, and familiarity and 
compliance with the contents of this HASP. 

l Complying with all OSHA regulations relevant to their work, and having a competent safety 
monitor on site. 

l Obtaining the appropriate training and medical surveillance requirements under 2,9 CFR 
1910.120, 1926.65, and 1910.134, at a minimum, and providing this documentation to the Site 
Manager prior to or during site mobilization. 

l Providing to Baker Activity Hazard Analyses (AHAs), as available, for each task they will 
perform. 
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Subcontractor Companies Contracted to Work under this CTO: 

l Drilling Operations: (to be determined) 

l Survey Operations: (to be determined) 

l Analytical Services: (to be determined) 

LANTDIV Representatives: 

l Kirk Stevens, NTR (804) 322-4818 

MCB Camp Lejeune Representatives: 

l Mr. Neal Paul (910) 451-9518 

l Mr. Rick Raines (910) 451-9461 

Federal/State/Local Representatives: 

l Ms. Gena Townsend (Region IV) (404) 562-8538 

l Mr. David Lown (NC DEHNR) (919) 733-2801 ext. 278 
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3.0 SITE CHARACTERIZATION 

This section provides information on the site history, previous investigations, and health and1 safety 
concerns for the physical and health hazards associated with this site. 

3.1 Site Historv 

Historical records for the area indicate that the Base Motor Pool operated on the site until 
approximately 1988. The Base Motor Pool was then relocated to its current location, an asphalt paved 
area immediately north of the DRMO facility. The Base Motor Pool reportedly used solvents for parts 
cleaning during this time, including acetone, trichloroethene (TCE), and 2-butanone. 

Originally, the focus of investigations at the site was a small area within the DRMO that formerly 
contained an underground storage tank (UST) identified as STC-868, which was a 550-gallon steel 
tank located between Building STC-867 (a soil storage facility) and an elevated wash rack. The tank 
was installed in 1983 and was used to store waste oil. This UST reportedly was removed in 1993. The 
initial UST investigation at Site 89 detected chlorinated solvents in the groundwater. As chlorinated 
solvents are not normally associated with a petroleum UST site, their discovery in groundwater lead 
to the inclusion of Site 89 into MCB, Camp Lejeune’s IR Program. Subsequent studies have identified 
organic contaminants in surface water, sediment, and soil. As a result, Site 89 has expanded to 
include more than the former UST area. The area currently includes the entire DRMO and additional 
areas outside the DRMO fence, including the wooded areas to the south and east. 

3.2 Previous Investigations 

Previous investigations and actions at Site 89 include the following: 

l An initial assessment study (IAS) conducted by Water and Air Research, Inc., in 1983 

l A Well Site Check conducted by R.E. Wright Environmental, Inc. in 1994 

l An RI/FS conducted by Baker in 1996 and 1997 

l Continuing Long-Term Monitoring (LTM) initiated by Baker in April 1999 

l Immediate Response field efforts conducted by Baker in June/July 1999 

l Soil contamination delineation conducted by Baker in October 1999 and December 1999 

l Additional delineation of soil and groundwater contamination conducted by Baker in March 2000 

l Pre-construction soil delineation conducted by Baker in April 2000 

l Time-Critical Removal Action Site 89 of vadose zone soils 

l Conducted by the IT Group during 2000 
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Findings of the previous investigations are detailed in the following Baker reports: Final Remedial 
Investigation Report, Operable Unit No. 16 (Sites 89 and 93) (1998), and Final Action Memorandum 
for Time-Critical Removal Action Site 89, Operable Unit 16 (2000). 

The immediate response field efforts focused on soil contamination in the vadose zone and 
groundwater contamination related to that soil contamination. The findings from these investigations 
indicated that contaminants including 1,1,2,2-tetrachloroethane (PCA), tetrachloroethene (PCE), 
trichloroethene (TCE), and vinyl chloride (VC) exceed screening criteria in soil, groundwater, surface 
water, and sediment. The findings also indicate that a contaminant source zone is present below the 
water table, and this contamination is in a DNAPL phase. 

3.3 Phvsical Hazards 

The identified potential physical hazards associated with this project during the site activities include 
thermal stress, explosion and fire, contact with utilities, heavy equipment operations, and noise. The 
following presents a description of these potential hazards. General physical hazards that may be 
present during the project activities are listed in the following subsections. 

3.3.1 Thermal Stress 

Provisions for monitoring for thermal stress are included in Attachment A - Baker Safety SOPS. 

3.3.2 Explosion and Fire 

In general, the following items present potential explosion or fire hazards and will be monitored 
closely as they pertain to each area under investigation: 

l Heavy equipment malfunction or refueling operations 

l Penetration into underground utility/service lines (gas, electric, fuel) 

l Ignition of trapped flammable vapors 

l Vehicular accidents 

l Puncturing of drums, tanks, or other containers during drilling operations 

l Ignition of flammables or combustibles from open flames during welding or cutting (where 
needed during well installations) 

Hazard Prevention 

Explosion and/or fire hazards can be prevented by proper grounding, approved safety cans, 
compressed gas cylinder safety, leak repair, vehicle maintenance, availability of fire extinguishers, no 
smoking, and no incendiary or igniter devices. 
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Site personnel should be trained in the proper use of portable fire extinguishing equipment. Site 
personnel should respond to fires as follows: 

l Evacuate all personnel 

l Call911 

l If the fire is small or confined, attempts to fight the fire with portable fire extingui,shers is 
authorized 

l Support the Fire Department response forces as appropriate (e.g., providing information re:garding 
site activities, hazards, and missing personnel, if any) 

3.3.3 Utilities 

Underground utility clearance must be obtained before any intrusive activities are performed; this 
clearance will be provided by a local contractor. If underground utilities are identified in these areas, 
the ground above the utility lines are to be physically marked, such as, with spray paint or flags. The 
local contractor is to be notified at least three days prior to soil intrusive activities to acquire a utility 
clearance. A 24-inch minimum clearance must be used for work near underground utilities. 

Energized overhead electric lines may present a risk of electrocution. OSHA standards require that 
equipment maintain certain distances from power lines. For lines 0 to 50 kilovolts (kV), a minimum 
distance of 10 feet must be maintained. Lines carrying over 50 kV require that the equipment location 
be at least 10 feet plus an additional 0.4 inch for each 1 kV over 50. 

3.3.4 Heavy Equipment 

One of the primary physical hazards associated with the site work is the use of heavy equipment, 
which may include the use of a drill rig for permanent monitoring wells and/or hydraulic-operated 
direct push equipment for select borings. Only operators trained, qualified, and authorized will be 
permitted to operate the heavy equipment. 

Hazards generally associated with drilling operations include the following: 

l Motor vehicle exhaust products (e.g., carbon monoxide and nitrogen oxides) from the drill rig 
engine 

l Overhead utility wires, (i.e., electrical and telephone), can be hazardous when the drill rig boom 
is in the upright position 

l Underground pipelines and utility lines can be ruptured or damaged during active drilling 
operations 

l Moving parts, i.e., augers, on the drill rig may catch clothing. Free or falling parts from the cat 
head may cause head injury 

3-3 



l Moving the drill rig over uneven terrain may cause the vehicle to roll over or become stuck in a 
rut or mud. Be aware of hazards associated with moving heavy machinery and other ass’ociated 
injury 

l High pressure hydraulic lines and air lines used on drill rigs are hazardous when they are leaking, 
worn or incorrectly assembled 

Hazard Prevention 

l Review the contaminants suspected to be on site and perform air monitoring as required. Shut 
down drill rig and/or divert exhaust fumes. 

l All chains, lines, and cables should be inspected daily for weak spots, frays, etc. 

l Ear muffs and/or ear plugs effectively reduce noise levels. 

l At a minimum, personal protective equipment will include safety boots, eye protection, and hard 
hats, which will be worn at ail times while working around a drill rig. Secure loose clothing. 
Check boom prior to approaching drill rig. 

l To avoid contact with any overhead lines, the drill rig boom should be lowered prior to lmoving 
the rig. Overhead utilities should be considered “live” until determined to be otherwise. 

l The rig mast should not be erected within 10 feet of an overhead electrical line until the line is 
deenergized, grounded, or shielded and an electrician has certified that arcing cannot occur. 

l A thorough underground utilities search should be conducted before the commencement of a 
drilling project. Proper utility clearances must be obtained prior to intrusive work. 

l All high pressure lines should be checked prior to and during use. 

l The subcontracting drilling company’s site supervisor is to provide, during the HASP briefing, a 
description of cautions to be observed when working around the drill rig. 

l Hand signals will be prearranged between the operator and personnel working around the drill rig. 

l Personnel are to remain in the field of vision of the operator and remain clear of moving parts, 
especially where loose-fitting clothing can become entangled. 

l Personnel working near a drill rig are to be aware of the location and operation of the emergency 
shut off devices. 

l Establish appropriate work zone around the drill rig of a radius of at least equal to the height of 
the drill boom, and delineate work zone with construction warning tape, barricades, cone:s, or the 
like. 
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3.3.5 Noise 

Elevated noise levels may be produced during drilling and other heavy equipment operations; 
therefore, hearing protection may be required. The SHSO is responsible for making this determination 
based on past experience with the type of equipment in use, and the proximity of personnel to the 
equipment. 

3.4 Chemical Hazards 

Hazardous chemicals can be absorbed into the body through various pathways, such as: 

l Accidental inhalation of vapors, gases, or particulates 

l Accidental ingestion of contaminated material from hand-to-mouth contact 

l Accidental dermal and eye absorption from direct, unprotected contact 

The identification of the primary chemical hazards that may be encountered at the site is based on 
previous soil and groundwater investigations. Previous investigations at Site 89 identified soils and/or 
groundwater contaminated with the following contaminants (concentrations indicated in parentheses): 
oil and grease, 1,2-dichloroethene (260 mg/kg), 1,1,2,2-tetrachloroethane (87,000 mg/kg), 
tetrachloroethene (150 mg/kg), 1,1,2-trichloroethane (270 mg/kg), trichloroethene (3,000 mg/kg), 
vinyl chloride (0.28 mg/kg), chlorobenzene (29 mg/kg), methylene chloride (in groundwater only - 
2.3 mg/L), acetone (170 mg!kg), benzene (1 mgkg), toluene (4.1 m&g), ethylbenzene (1.2 rng/kg), 
and xylenes (6.8 mg/kg). Of these constituents, the two that have been identified in the greatest 
concentrations in soil and groundwater are 1,1,2,2-tetrachloroethane and trichloroethene. Due to the 
extremely high concentration of these constituents, it is suspected that these compounds are also 
present as dense non-aqueous phase liquid (DNAPL) beneath the site. 

During each sampling event or well installation, an effort will be made to eliminate or reduce potential 
routes of exposure through the use of engineering controls (e.g., performing investigative activities 
in an upwind location according to safe sampling techniques), administrative controls (e.g., effective 
training programs), and the proper use of PPE. 

Tables 3-1, located in the “Tables” section at the end of this HASP, identifies chemical/physical 
properties of the constituents detected during previous investigations at Site 89. A Material Safety 
Data Sheet (MSDS) is available in Attachment B for each of the chemicals listed in Table 3-,l. It is 
important to note that the information presented in each MSDS reflects the chemical and toxicological 
properties of the specific compound in a pure, undiluted, and untransformed condition. As such, when 
these compounds are detected in environmental media the hazards are anticipated to be substantially 
less that those associated with exposure to “pure” compounds. Therefore, the data presented in the 
MSDS will be utilized as reference information when questions arise as to a constituents’s chemical, 
physical, and toxicological properties, or measures to be employed in an emergency situation. 

Other chemical hazards that may be present include preservatives (e.g., hydrochloric acid) to be added 
to specified sample containers, decontamination fluids, and materials brought to the site by the 
subcontractors. For the aforementioned materials, an MSDS will be obtained and made readily 
available to the field team members at the site, in compliance with 29 CFR 1910.1200. 
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3.5 Environmental Hazards 

The following paragraphs identify the potential hazards associated with flora and fauna at Site 89. 
If additional concerns are identified, they will be added to this HASP. 

3.5.1 Hazardous Flora 

Incidence of contact by individuals to poisonous/thorny plants is high; therefore, bare skin should be 
covered (i.e., long pants and shirt, steel toe boots, leather or cotton gloves, safety glasses, and head 
protection) as much as practical when working in forested or densely vegetated areas. Personnel 
should avoid entering an area in the direct path of known poisonous flora (i.e., poison ivy, poison oak, 
or poison sumac); a secondary route should be selected. Care should also be taken when wal’king in 
such areas as uneven terrain or vines may present a tripping hazard. 

While attempting to cut into dense underbrush, hazards exist from the sharp machete and gas-powered 
weed cutter, therefore, care should be taken when using such devices. (Note: Hearing protection, 
steel toe boots, gloves, and safety glasses are required when using weed cutters.) Rashes or other 
injuries will be reported to the SHSO as soon as they occur or are recognized. 

3.5.2 Hazardous Fauna 

Mosquitoes and gnats pose a nuisance and physical hazard to field personnel; they distract workers, 
leading to accidents, and pose a physical threat by transmitting live microorganisms. Avoiding the 
use of perfumes and scented deodorants and donning light colored clothing is preferable. The use of 
Avon’s “Skin So Soft” or other insect repellent is encouraged and will be provided, as needed in the 
Baker Field Trailer. 

Poisonous snakes such as the rattlesnake, copperhead, and cottonmouth (water moccasin), all known 
as pit vipers, are common to the United States. Snakes typically do not attack people but will bite 
when provoked, angered, or accidentally injured (as when stepped on). When encountering a snake, 
avoid quick/jerky motions, loud noises, and retreat slowly; do not provoke the snake. If bitten follow 
emergency procedures outlined in Section 8.8.3. 

There is a potential to come in contact with other dangerous insects; these include fire ants, chiggers, 
bees, wasps, hornets, mites, fleas, spiders, and ticks. 

If a tick is found embedded in the skin, do not squash or burn it. Grasp the tick with finetipped 
tweezers, as close to the skin as possible, and pull slowly. Once the tick is removed, wash the area 
immediately with soap and water. Apply an antiseptic or antibiotic ointment if available. Observe 
the bite area periodically for signs of a rash around the site. Also, keep alert for flu like symptoms; 
these may be symptoms of Lyme Disease. 

Insect bites are characterized by localized pain, potential stinger, swelling, and a possible allergic 
reaction. Care for an insect bite by scraping away stingers, wash wound, cover with sterile: gauze, 
apply a cold pack, and watch for signals of allergic reactions. 

All personnel should perform “checks” on each other periodically and at the end of the wolrk shift, 
especially when working in grassy or forested areas. All insect bites must be reported to the SHSO. 
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If a spider bite by a black widow or brown recluse is suspected, follow emergency procedures in 
Section 8.8.4. 

Prior to initiating site activities, each individual shall be questioned as to any known sensitivities to 
the previously mentioned organisms or agents. 

3.6 Task-Specific Hazards 

Listed below are summaries for the hazards associated with each potential task for an area under 
investigation. Levels of protection outlined in Section 6.0 were selected based on this task-specific 
hazard identification, information obtained horn previous investigations and site visits, and previous 
experience with similar investigations or activities. 

3.6.1 Soil Boring Advancement and Subsurface Soil Sampling 

Chemical 

l Potential for DNAPL and contaminated mud, soil, or groundwater to be splashed onto body or 
in eyes. 

l Skin contact with potentially-contaminated materials. 

l Ingestion of potentially-contaminated materials from hand-to-mouth contact. 

l Inhalation of volatile contaminants or volatile fraction of semivolatile contaminants. 

Physical/Environmental 

Elevated noise levels from heavy equipment operations. 

Muscle strain and heat exhaustion while lifting heavy objects. 

Biting insects. 

Skin irritation from contact with vegetation. 

Contact with underground utilities. 

Interaction with native and feral animal life. 

Heavy objects landing on foot/toe or head. 

Slips/trips/falls from sloped, uneven terrain; crawling over and under obstacles. 
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3.6.2 Monitoring Well Installation 

Chemical 

l DNAPL and potentially-contaminated mud, soil, or groundwater to be splashed onto body or in 
eyes. 

l Ingestion of contaminated materials from hand-to-mouth contact. 

l Inhalation of volatile contaminants or volatile fraction of semivolatile contaminants. 

l Absorption of DNAPL and impacted groundwater through the skin. 

Physical/Environmental 

l Heavy objects landing on foot/toe or head. 

l Elevated noise levels from heavy equipment operation. 

l Slips/trips/falls - sloped, uneven terrain; crawling over and under obstacles. 

l Biting insects. 

l Skin irritation from contact with vegetation, 

l Overhead hazards from drill rig operations. 

l Interaction with native and feral animal life. 

l Contact with underground utility lines. 

l Muscle strain and heat exhaustion from lifting. 

3.6.3 Monitoring Well Development 

Chemical 

l Potential for DNAPL and impacted groundwater to be splashed onto body or in eyes. 

l Ingestion of contaminated materials from hand-to-mouth contact. 

l Inhalation of volatile contaminants or volatile fraction of semivolatile contaminants. 

l Adsorption of DNAPL and impacted groundwater through the skin. 
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Physical/Environmental 

l Slips/trips/falls - sloped, uneven terrain. 

l Biting insects. 

l Skin irritation from contact with vegetation. 

l Interaction with native and feral animal life. 

l Muscle strain and heat exhaustion. 

3.6.4 Groundwater Sampling 

Chemical 

Potential for DNAPL and contaminated groundwater to be splashed onto body or in eyes. 

Ingestion of contaminated materials from hand-to-mouth contact. 

Inhalation of volatile contaminants or volatile fraction of semivolatile contaminants emitting from 
the well opening. 

Adsorption of DNAPL and impacted groundwater through the skin. 

Physical/Environmental 

Cuts from sharp edges of the well casing. 

Biting insects. 

Muscle strain and heat exhaustion during sampling. 

Skin irritation from contact with vegetation. 

Cuts from using knives to cut tubing. 

Slips/trips/falls - sloped, uneven terrain; crawling over and under obstacles. 

Interaction with native and feral animal life. 
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3.6.5 Aquifer Slug Testing 

Chemical 

l Potential for DNAPL and contaminated groundwater to be splashed onto body or in eyes. 

l Ingestion of contaminated materials from hand-to-mouth contact. 

l Inhalation of volatile contaminants or volatile fraction of semivolatile contaminants emitting from 
the well opening. 

l Adsorption of DNAPL and impacted groundwater through the skin. 

Physical/Environmental 

l Cuts from sharp edges of the well casing. 

l Biting insects. 

l Muscle strain and heat exhaustion during sampling. 

l Skin irritation from contact with vegetation. 

l Cuts from using knives to cut slug rope. 

l Slips/trips/falls - sloped, uneven terrain; crawling over and under obstacles. 

l Interaction with native and feral animal life. 

3.6.6 Equipment Decontamination 

Chemical 

l Potential for DNAPL and contaminated mud, soil, or groundwater to be splashed onto body or 
in eyes. 

l Skin contact with potentially-contaminated materials. 

l Ingestion of potentially-contaminated soils from hand-to-mouth contact. 

l Inhalation of volatile contaminants or volatile fraction of semivolatile contaminants. 

Physical/Environmental 

l Slips/trips/falls 

l Biting insects. 

l Muscle strain and heat exhaustion from lifting and bending. 

l Heavy object (i.e., split spoon) landing on fingers, hand, toes, foot and/or leg. 
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TABLE 3-l 
CHEMICAL/PHYSICAL PROPERTIES OP CHEMICALS DETECTED AT SITE 89 

MCB CAMP LEJEUNE 
JACKSONVILLE, NORTH CAROLINA 

Chemical Compound 
(4 

Hazard Rating 
Volatility 

Skin 

(b) Absorption 
Carcinogen 

Exposure 
Limit 

STEL IDLH IP 

HPR (cl 
(d) 

09 
(0 

(t-9 (h) (0 

Volatiles: 

130 1 x0 NO NO 5oQJQm 750 lmll 7.500 nQnl 9.69 
7 3 0 75 Yes Yes 0.5 nnm 5 nnm SO0 nnm 9.25 

ne 3 3 0 9 NO IOnnm NA 1000 m.m 9.07 
1 7.-Dimne 232 180-365 NO 700 nnm NA 1000 QQm 9.65 
Ethvwe 730 7 NO IO0 nnm 125 u.um 800 unm 8.76 

NA 11.35 _ 
2-Tetrwe 2 0 0 S Yes . . 1 nom NA 100nnm 11.10 

100 nprn 150 u.um 9.32 
100 nnm 11.00 

100 nmn 1000 nnm 9.45 
5oonnm 883 

Vinvl Cl&ride 747 0 1 nnm NA NA 1 O.OQ_ 

Notes: 

(a> Chemical compound of potential concern as indicated by the previous investigation. 
(b) Hazard Rating - based upon Health (H), Fire (F), or Reactivity (R) hazard from NFPA 704 Standard Rating System (0 = no hazard, 4 = high 

hazard) 
cc> Volatility Rating - based upon vapor pressure in mm Hg at 68” F, 20” C 
Cd) Skin Absorption - “Yes” indicates potential exposure through skin and mucous membranes, either by airborne or, more particularly, by direct 

contact - ACGIH 2000 

8 
Carcinogen - “Yes” indicates a compound is a confirmed human carcinogen by the IARC, NTP, or ACGIH 
Exposure Limit - Based on the Time Weighted Average from the 2000 ACGIH Threshold Limit Value (TLV) or OSHA Permissible Exposure 
Limits (PEL); whichever is lower 

$Yj 
Short Term Exposure Limit - “STEL” denotes a 15 minute time weighted average which may not be exceeded - OSHA or ACGIH 2000 
IDLH - Immediately Dangerous to Life and Health. 

(9 Ionization Potential - expressed in electron volts (eV) 

NA = Not Applicable 



4.0 SITE CONTROL 

The Site Manager is designated to control access and security on site. The Site Manager will establish 
site security in accordance with job locations. The following identifies the PPE level assigned to the 
site activities and the site control measures that accompany them. Refer to Section 6.0 for a definition 
of the protection level requirements. 

4.1 Level D/D+ 

Work Zones for activities conducted in Level D or Level D+ protection level will be monitored by the 
SHSO to restrict unauthorized personnel from entering the area,during well installation and sampling 
events. In populated areas, work zones shall be established in such a manner as to preclude 
unauthorized personnel from entering the investigative area. A boundary will be established to 
separate the work zone from the support zone using equipment such as natural boundaries (e.g., 
buildings, structures, fences), signs/placards, boundary tapes, and barricades. In unpopulated areas, 
the aforementioned procedures may not be necessary due to the secluded nature of the site, the short 
duration of the activity, and the low risk to outside populations. The Senior Field Team Member or 
SHSO is responsible for making this determination. 

4.2 Level C/B 

For activities that are conducted in Level C/B attire, the boundaries for the following work zones will 
be defined as follows: 

l Work Zone - The area immediately around the work area, such as the drill rig boom radius. 

l Hotline - The boundary between the Work Zone and the Contaminant Reduction Zone (CRZ). 

l CRZ - The area between the Work Zone and the Support Zone (located upwind of the site 
investigative activities). 

l Contamination Control Line - The boundary between the CRZ and the Support Zone. 

l Support Zone - The outermost area next to the CRZ and upwind of the site investigative activities. 

These boundaries will be demarcated using colored boundary tape, cones, or equivalent. 

Unauthorized personnel will not be permitted in the work areas. 

4.3 Site Access 

The Site Manager is designated to coordinate overall access and security at each area under 
investigation. Perimeters for activities to be conducted at Site 89 will be established based on the 
information presented in Section 4.3, local conditions, the items listed below, and Navy .Activity 
requirements. 

l Personnel will not be permitted within the Work Zone (i.e., Exclusion Zone) or Contamination 
Reduction Zone without proper authorization from the SHSO. 
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l All personnel arriving or departing the site will be documented in the site log book. 

l All activities on site must be cleared through the Site Manager and documented in the site log 
book. 

0 The on-site Command Post will be established at the Baker Field Trailer, which will be in the 
Support Zone and oriented upwind from all Work Zones. 

4.4 Buddv System 

All site activities that involve hazards and/or the potential for contact with hazardous materials will 
be performed by a work team of no fewer than two people (i.e., Buddy System). 

4.5 Safe Work Practices 

Routine safe work practices may consist of: 

l Conducting operations in a manner to reduce exposure of personnel and equipment. 

l Implementing appropriate decontamination procedures. 

l Conducting sampling activities from an upwind location. 

l Adherence to applicable safety regulations in OSHA Standards 29 CFR 19 10 and 1926. 

l Setting up barriers to exclude unauthorized personnel from contaminated areas. 

l Minimizing the number of personnel and equipment at each area under investigation 

l Establishing work zones within each area under investigation. 

l Establishing control points for ingress to and egress from work zones. 

4.5.1 Heavy Equipment 

The following safe work practices will be adhered to if heavy equipment operations take place. 

l Hard hats will be worn when working in a work zone with heavy equipment. 

l Heavy equipment requiring an operator will not be permitted to run unattended. 

l Heavy equipment will not be operated in a manner that will endanger persons or property nor will 
the safe operating speeds or loads be exceeded. 

l Heavy equipment will be shut down and positive means taken to prevent its operation while 
repairs or fueling are being performed. 
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l Personnel, other than the operator, should not ride on equipment. 

0 A “spotter” will be used to help direct the heavy equipment operator. 

l Personnel are to remain in the field of vision of the operator and remain clear of moving parts. 

l Hand signals will be prearranged between operator and personnel working around the heavy 
equipment. 

l Hearing protection will be used. 

l Backup alarms must operate properly on the heavy equipment. 

4.5.2 Drilling Operations 

The following safe work practices will be adhered to if drilling operations occur. 

Hand signals will be prearranged between operator and personnel working around the drill rig. 

Personnel are to remain in the field of vision of the operator and remain clear of moving parts 
where protective clothing can be entangled, i.e., Tyvek caught in the auger. 

Personnel working near a drill rig are to be aware of the location and operation of the emergency 
shut off devices. 

Utility clearances must be secured prior to digging (see Section 3.3.3). 

The drill rig boom is to remain a minimum of 10 feet from power lines (see Section 3.3.3). 

During the HASP briefing, the supervisor of the drilling company will provide adlditional 
precautions to be observed when working around the drill rig. 

4.6 Sanitation Procedures/Site Precautions 

Provisions for sanitation procedures and site precautions to be followed on site are outlined below. 

l A supply of clearly marked potable water, tightly closed, and equipped with a tap. 

l Single service disposal cups. 

l Outlets for non-potable water, clearly marked, for fire fighting or other purposes. Cross- 
contamination of the potable supply shall be prevented. 

l One toilet facility for up to 20 personnel which is either chemical, recirculating, combustion, or 
flush, depending on local code requirements. Two toilet facilities will be required for greater than 
20 personnel. 
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l A place for food handling meeting applicable laws or suitable alternatives to such facilities will 
be provided (i.e., nearby restaurants). 

l Clean wash water will be available in the decontamination zone during Level C activities, each 
Baker Field Vehicle and the Baker Field Trailer. Disposable towelettes and/or handwash stations 
will also be available in each Baker Field Vehicle for periodic cleanups. 

l Eating, drinking, chewing gum or tobacco, smoking, or any practice that increases the probability 
of hand-to-mouth transfer and ingestion of material is prohibited in the EZ or CBZ. Smoking will 
also not be allowed in areas where flammable materials are present. Hands and face must be 
thoroughly washed before breaking for meals and upon leaving the site. “Contaminated” work 
garments are not to be worn off site. 

l Whenever decontamination procedures for outer garments are in effect, the entire body should be 
thoroughly washed as soon as possible after the protective garment is removed. 

l The use of contact lenses is not recommended. 

l Facial hair, which interferes with a satisfactory fit of the mask-to-face seal, is not permitted on 
personnel who are or may be required to wear respirators. 

l Contact with contaminated or potentially-contaminated surfaces should be avoided. Wherever 
possible, do not walk through puddles, leachate, discolored surfaces, lean, sit or place equipment 
on drums/containers. 

l Medicine and alcohol can potentiate the effects of exposure to toxic chemicals, therefore, 
prescribed drugs should only be taken by personnel when approved by a qualified ph:ysician. 
Alcoholic beverage intake should be minimized or avoided during after-hour operations. 

l Alcoholic beverages and firearms are prohibited on site. 

l All site personnel will observe any posted sign, warning, fence, or barrier posted around 
contaminated areas. 

l Site personnel must wear the proper attire while on site. At a minimum, this will include steel- 
toed boots, work pants (e.g., jeans or other durable material), and work shirt (e.g., short or long- 
sleeved, made of a durable material). Tank tops, muscle shirts, and sweat pants are not permitted. 
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5.0 EXPOSURE MONITORING 

Environmental monitoring will be performed at each area under investigation; the level and degree 
of monitoring will be dependent on each field activity. Due to the short duration and variability of 
field tasks only realtime air monitoring (versus integrated air monitoring) will be used to assess action 
levels. The instruments that will be used include a photo-ionization detector (PID) with an 11.7 
electron volt (eV) lamp, an oxygen / lower explosive limit meter (O&EL meter) and a Draeger hand 
pump with vinyl chloride detector tubes. Draeger detector tubes for trichloroethylene, chlorobenzene, 
and methylene chloride shall be available on site and shall be used at the discretion of the SHSO. The 
action level for the PID, as specified in Section 5. I below, is based on a “worst-case” S-hour TWA- 
PEL of 1 ppm (1,1,2,2-tetrachloroethane), and is consistent with that listed by the USEPA in Section 
6.9, of the Standard Operating Safetv Guides (June, 1992). Monitoring equipment and frequency for 
each field Activity can be found in Table 5- 1. 

5.1 Breathing Zone 

Action levels based on breathing zone air monitoring are described here. 

If PID readings in the breathing zone exceed 1 ppm for more than 1 continuous minute, all work will 
cease. A Draeger hand pump with vinyl chloride detector tubes shall be used to assess vinyl chloride 
levels. If two consecutive breathing zone readings, taken no more than 5 minutes apart, indicate vinyl 
chloride levels that are less than 1 ppm, PPE will be upgraded to Level C prior to resuming work (for 
activities that are initiated in Level C, workers are to remain in Level C). If two consecutive readings, 
taken no more than 5 minutes apart, indicate vinyl chloride levels that exceed 1 ppm, PPE will be 
upgraded to Level B prior to resuming work. In either case, the SHSO and PHSO will be notified 
prior to resuming work. 

If PID readings in the breathing zone exceed 5 ppm for more than 1 continuous minute, all work will 
cease, and PPE will be upgraded to Level B prior to resuming work. The SHSO and PHSOl will be 
notified prior to resuming work. 

If PID readings in the breathing zone exceed 25 ppm above background for a period greater than 1 
continuous minute, personnel will stop work and leave the work area. The SHSO and PHSO shall be 
consulted. 

5.2 Point Source Monitoring 

The PID will be used to monitor the point source during the investigative activities. Point source 
monitoring is defined as monitoring performed at the source of the work activity. Instantaneous 
readings greater than 50 ppm will result in an immediate evacuation of the area until levels return to 
normal. If point source PID readings are detected above background, breathing zone monitoring will 
also be conducted. 

In addition to the PID, the Oz/LEL meter will be used during investigation activities that are cclnducted 
using a drill rig. The following action levels will be observed. 
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Oxygen Meter(‘) 

. 19.5% to 23.5% = Safe operating level 
l -49.5% or >23.5% = Unsafe operating level; stop work and consult the SHSO and PHSO 

LEL Meter(2) 

. 4 0% of the LEL = Safe operating level 
l 210% of the LEL = Unsafe operating level; stop work and consult the SHSO and PHSO 

(l) Used to evaluate physical safety in conjunction with the PID. 
(2) Assigned action levels are for non-confined space entry operations. 

5.3 Perimeter Monitoring 

A PID will be used to monitor the perimeter of the work area to determine safe areas during a work 
stoppage if concentrations meet the work stoppage criteria identified in Sections 5.1 and 5.2. 

5.4 Equipment Calibration 

Equipment calibration of the PID and OJLEL meters will be completed daily before, and afiter use. 
The calibration will be performed in accordance with the manufacturer’s requirements. The calibration 
information will be logged on a field calibration form. These forms will be placed in the project files 
upon completion of the field activities. 

5.5 Monitoring Documentation 

As the air monitoring is performed, documentation of the results will be entered into a field lalg book 
by the individual performing the monitoring. Documentation is to include date, time, instrument 
result, work area, weather (temperature and humidity), and specific location, such as, background, 
point source and breathing zone. This air monitoring documentation will be placed in the project files 
upon completion of the field activities. 

A summary of each day’s air monitoring results will be posted in the Baker field trailer at the end of 
each day, and shall remain posted for one day. 
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TABLE 5-l 

MONITORING EQUIPMENT AND FREQUENCY FOR EACH FIELD ACTIVITY 
CONDUCTED AT SITE 89 

Field Activity PID”’ 

Hollow stem auger soil boring advancement and C 
soil sampling 

Direct push soil boring advancement I&P 

Monitoring well installation C 

Monitoring well development, purging, and 
sampling 

I&P 

Slug testing D 

Equipment decontamination D 

Vinyl 
Chloride 
Detector 
Tubest2) 
If PID > 

hwm 
above 

background 
If PID > 

lppm 
above 

background 
If PID > 

1PPm 
above 

background 
If PID > 

lwm 
above 

background 
If PID > 

1 PPm 
above 

background 
If PID > 

1 rw 
above 

background 

3xygenlComb 
ustible Gas 

Meter w 

I&P 

I&P 

I&P 

I = Initially - At start ofjob task to confirm designated protection level. 
P = Periodically - when site condition/set-up changes or a new area is entered. 
C = Continuously - Monitor levels continuously. 
D = At the discretion of the SHSO. 
PID = Photoionization Detector 

Note: As air concentrations are measured, they shall be documented in the individual’s 
field logbook. In the case of continuous monitoring, every 15 minutes. 

(I) Refer to the manufacturer’s operating manual and Baker SOP prior to operation. 
(*I Use Draeger hand pump with vinyl chloride detector tubes if PID > lppm above 

background for more than one continuous minute. Collect a second sample within 5 
minutes of the first sample to confirm the initial result. 



6.0 PERSONAL PROTECTIVE EQUIPMENT 

The Level of Protection selected is based upon the following: 

l Measured concentration of a chemical substance or substances in the ambient atmosphere 

l Potential for exposure to substances in air, liquids, or direct contact with material because of work 
activities 

l Knowledge of chemicals on-site along with properties such as toxicity, route of exposure, and 
contaminant matrix 

6.1 Levels of Protection 

Based on the information provided in Section 3.0, Site Characterization, the levels of protection and 
corresponding personal protective equipment have been designated for the following field activities. 

D 

X 

Monitoring well development, purging and 

X - Level of protection for the task identified 

The SHSO will upgrade the level of protection based on the results of the air monitoring as per 
Section 5.0, or based on his or her professional judgement according to observations of site activities. 

For the hollow stem auger soil boring advancement and monitoring well installation activities, the 
SHSO may permit respirators to be removed for a given boring/well if intrusive activities for that well 
are completed (i.e. boring will not be advanced further) and if air monitoring results were ac’ceptable 
during the intrusive activities for that boring/well. 
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Protective ensembles are described below: 

D Level 

l Normal work clothes* 

l Steel toe boots 

l Work gloves (as needed) 

l Safety glasses (as needed) 

* Long or short-sleeved shirt and long pants (made of a sturdy material) 

Level D+ 

l Normal work clothes 

l Chemical-resistant suits (optional) 

l Gloves, chemical-resistant (nitrile) 

l Steel toe boots 

l Safety glasses 

l Hard Hat (during heavy equipment activities) 

l Hearing protection (as necessary) 

Level C 

l Air-purifying respirator, half-face, with organic vapor cartridges 

l Chemical-resistant suits with attached over-boots (resistant to chlorinated solvents, such as 
Tychem 9400) 

l Outer gloves, chemical resistant (4H, Silvershield, or nitrile) 

l Inner gloves, chemical resistant (nitrile) 

l Steel toe boots 

l Safety glasses 
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l Hard Hat (during heavy equipment activities) 

l Hearing protection (as necessary and during hammering of split spoon sampling device>1 

Level B 

l Full facepiece supplied air respirator operated in pressure demand mode 

l Chemical-resistant suits with attached over-boots (resistant to chlorinated solvents, such as 
Tychem 9400) 

l Outer gloves, chemical resistant (4H, Silvershield, or nitrile) 

l Inner gloves, chemical resistant (nitriie) 

l Steel toe boots 

l Safety glasses 

l Hard Hat (during heavy equipment activities) 

l Hearing protection (as necessary and during hammering of split spoon sampling device) 

Notes: 

No single combination of personal protective equipment is capable of protection against all hazards. 
PPE should be used in conjunction with safe work practices, effective decontamination, and good 
personal hygiene. Chemical protective clothing should be replaced when it becomes damaged or when 
chemical breakthrough is detected. 

Respirator cartridges should be changed out at least daily. Cartridges will be changed out on a 
more frequent basis depending on the levels of airborne contaminants that are encountered. The 
frequency of change out will be determined by the PHSO. Respirator cartridges shall also be changed 
out when chemical taste or odors are noticed or if breathing becomes difficult. 

CHANGES TO THE SPECIFIED LEVELS OF PROTECTION SHALL BE AT THE 
DIRECTION OF THE SHSO, PHSO, AND THE SITE MANAGER. 

6.2 Reassessment of Protection Program 

The Level of Protection shall be upgraded or downgraded based on changes in site conditions or 
findings of investigations. 

6.3 Care and Cleaning of Personal Protective Equipment 

Provisions for the care and cleaning of PPE used on site can be found in Attachment A - Baker Safety 
SOPS. 
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7.0 DECONTAMINATION PROCEDURES 

The following presents the information for personnel and equipment decontamination requirements 
as well as handling of materials generated during decontamination. 

7.1 Personnel Decontamination 

Decontamination involves the orderly, controlled removal of contaminants. Standard decontamination 
sequences are presented in the table below. All site personnel should minimize contact with 
contaminants in order to minimize the need for extensive decontamination. 

*Optional - depends on degree of contamination and type of PPE 
used. 

The following decontamination equipment is required for Level C and higher protection levels and 
recommended for Level D+ protection: 

l Two small tubs (one set of wash and rinse water) 

l Scrub brush 

l Towels* 

l Disposable wipes* 

l Pressurized sprayers for rinsing 

l Contaminated clothing disposal bag or drum* 

l Contaminated liquids disposal drum 
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l Respirator cleaning solution 

l Liquinox and water as the decontamination solution 

*Minimum for Level D decontamination. 

The decontamination liquids and clothing will be contained and disposed according to policy defined 
in the Field Sampling and Analysis Plan (FSAP). 

7.2 Effectiveness of Personnel Decontamination 

The effectiveness of site decontamination methods will be evaluated by the SHSO on a periodic basis. 
This evaluation may include the observation of personnel decontamination techniques, inspection of 
PPE before and after decontamination, and the questioning of site personnel for signs and symptoms 
of exposure. Additional measures may also be employed by the SHSO at their discretion. 

7.3 Equipment Decontamination 

Provisions for the decontamination of equipment will be based on the size and type of equipment used. 
Specific decontamination procedures for OU No. 16 are found in the FSAP. 

7.4 Decontamination Materials 

The protocols outlined in the FSAP for the handling of materials used for decontamination such as 
packaging, storing, and disposing will be followed to: (1) minimize the risk of off-site exposures that 
could endanger public health; and (2) limit the potential for liabilities associated with handling, 
containment, storage, and transportation of contaminated materials. These protocols comply with 
Baker’s SOP on “Handling of Site Investigation-Derived Waste,” located in the Standard Operating 
Procedures for Administrative. Field, and Technical Activities Manual. 
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8.0 EMERGENCY PROCEDURES 

8.1 Scope 

Emergencies such as fire, personal injury, or releases of contaminants to air, water, or soil may occur. 
If so, local emergency response groups will be called in to handle the incident, as necessary. 

a.2 Pre-Emergency Planning 

All applicable Navy/local emergency response contacts (On-Scene Commander, Fire Department, 
Security, Ambulance, Hospital, etc.) at MCB, Camp Lejeune will be contacted prior to or during site 
mobilization activities. This notification will be performed by the SHSO and/or Site Manager. The 
information discussed may include: 

l A description of site activities. 

l Anticipated site hazards. 

l Hazardous chemicals/materials brought on site. 

l Expected length of time on site. 

l Specific requirements the emergency response facilities may require. 

l Confirmation of emergency phone numbers. 

l Security measures that must be followed by site personnel. 

Specific points of contact, where applicable, will be established and added to the HASP. If requested, 
MSDSs for hazardous chemicals/materials brought on site (which are maintained at the Baker Field 
Trailer), will be provided at this time. 

8.3 Emergency Coordinator 

The SHSO acting as the Emergency Coordinator is responsible for field implementation of these 
Emergency Procedures. The Emergency Coordinator is responsible for reacting (not responlding) to 
emergencies. As the Emergency Coordinator, specific duties include: 

l Familiarizing all on-site personnel with the emergency procedures and the emergency 
coordinator’s authority. 

l Identifying the nearest telephone in the event of an emergency. 

l Communicating site emergency procedures and requirements to all Baker and subcontractor 
personnel. 

l Specifying the Site Manager as the backup/alternate Emergency Coordinator. 
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l Controlling activities of subcontractors and contacting the emergency response groups, as 
necessary. 

l Anticipating, identifying, and assessing fires, explosions, chemical releases, and other emergency 
situations to the best of the coordinator’s ability, and providing this information to the emergency 
group(s) responding. 

l Familiarity with site personnel trained in emergency first aid and adult CPR. 

All on-site personnel, whether involved in emergency response or not, will be notified of their 
responsibilities during the initial HASP briefing. They will be familiar with the emergency procedures 
and the Emergency Coordinator’s authority. 

8.4 CommunicationdTeleDhone Numbers 

Internal communications will rely on direct communication (via verbal or two-way radios) between 
site personnel. External communications will employ a telephone located in the Baker Field Trailer, 
a mobile telephone for emergency use, and various telephones located throughout the Base (near the 
investigation areas). Telephone communication at the Command Post will be established during site 
mobilization. 

The “Buddy System” will be in effect at all times; any failure of communication requires an evaluation 
of whether personnel should discontinue activities. 

Air horns will be used for communication during emergency evacuation of personnel. One long 
(3 second) air horn blast is the emergency signal to indicate that all personnel should evacuate 
the Work Zone. 

Coordination between Baker and subcontractor personnel is the responsibility of the Site Manager. 
The best means for securing the lines of communication will be determined at the pre-entry briefing. 

Hand signals, as outlined below, wiil be used in the event that radio communications fail: 

Hand gripping throat 
(typically Level C/B activities) 

Can’t breathe 

Grip partner’s wrist or both hands around waist Leave area immediately 
Hands on top of head Need assistance 
Thumbs up OK, I am all right, I understand 
Thumbs down I do not understand 

Emergency telephone numbers will be posted in the Baker Field Trailer and maintained in each Baker 
Field Vehicle. The list of emergency phone numbers is presented in Table 8-1, located in the “Tables” 
section at the end of this HASP. 
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8.5 Assembly Area 

In the event of an emergency, personnel will be instructed to meet initially at the Baker Field Vehicle 
and eventually at the Baker Field Trailer. Where applicable, personnel will exit the work area through 
the contamination reduction zone. If either location is inappropriate, an alternate assembly alrea will 
be designated by the Emergency Coordinator in an upwind location from the site. At this location, 
emergency needs will be provided such as: 

l Assembly for evacuated personnel 

l First aid for injured personnel 

l Decontamination material 

l Communications 

8.6 Emergency Hospital Route 

An emergency hospital route map (Figure 8-l) and written directions to the hospital (Figure 8-2) will 
be posted in the Baker Field Trailer and maintained in the Baker Field Vehicle. Personnel will be 
informed of the location of the map and the directions to the hospital during the pre-entry briefing. 

8.7 Emergency Medical Treatment 

This section provides information on the nearest emergency medical facility and corresponding 
emergency telephone numbers. 

Emergency Medical Services 

For chemical and nonchemical exposure incidents, the nearest public hospital is: 

Name 
Address 
On-Base Telephone No. 
Off-Base Telephone No. 

Onslow Countv Memorial Hospital 
3 17 Western Boulevard, Jacksonville, North Carolina 
(*9, 577-2240 
(9 10) 577-2240 

Local ambulance service is available from the Naval Ambulance Service and the Onslow County 
Ambulance Dispatch: 

Name 
On-Base Telephone No 
Off-Base Telephone No 

Naval Ambulance Service 
yJ 
(910) 451-3004 or 911 

Name 
On-Base Telephone No 
Off-Base Telephone No 

Onslow County Ambulance Dispatch 
911 
(910)455-9119or911 

Contact will be made with emergency personnel prior to the start of activities (see Section 8.2). 
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8.8 Iniuries 

If injuries are not serious or life threatening, affected personnel may be transported by other site 
personnel to the local medical facility, if necessary. Emergency medical response personnel will be 
contacted in the event of serious or multiple injuries. Medical personnel will be provided with all 
available information regarding the nature of the incident, chemicals involved, etc. Instances requiring 
treatment beyond “first aid” will be handled at appropriate facilities and reported to the Project 
Manager and PHSO within 24 hours. 

There will be a minimum of two persons on-site during field activities that will be trained in standard 
first aid and adult CPR. These personnel will also be familiar with Baker’s program for potential 
exposure to bloodbome pathogens as outlined in the Baker Safety SOPS in Attachment A. 
Subcontractors will be responsible for securing proper medical attention for their employees. Baker 
may assist the subcontractor as necessary. 

8.8.1 Physical Injury 

If an employee working in a contaminated area is physically injured, first aid procedures are to be 
followed. If the employee can be moved, he/she will be taken to the edge of the work area and 
decontaminated, if necessary (refer to Section 8.9). Depending on the severity of the injury, 
emergency medical response from the local ambulance service may be sought to stabilize the victim 
for transport to public hospitals. Emergency first aid may be administered by Baker personnel prior 
to transporting to an awaiting ambulance or to a local emergency medical facility, as appropriate. 

8.8.2 Chemical Injury 

If the injury to a worker is chemical in nature (e.g., direct contact/exposure), the following Fnst aid 
procedures are to be instituted: 

l Eye Exposure - If contaminated solid or liquid gets into the eyes, wash the eyes immediately at 
the 15-minute emergency eyewash station (or with the personal eye wash bottle when an e:ye wash 
station is not immediately available). Obtain medical attention immediately. The emergency 
eyewash unit meets ANSI Standard 2358.1-1990. 

NOTE: The wearing of contact lenses is not recommended. 

l Skin Exposure - If contaminated solid or liquid gets on the skin, promptly wash the contaminated 
skin using soap or mild detergent and water. If solids or liquids penetrate through the clothing, 
remove the clothing immediately and wash the skin using soap or mild detergent and water. 
Obtain medical attention immediately. 

l Swallowing - If contaminated solid or liquid has been swallowed, immediately contact Carolina’s 
Poison Center at l-800-848-1697. Do not induce vomiting in an unconscious person. Obtain 
medical attention as directed by the Poison Center. 

l Breathing - If a person has difficulty breathing, move the exposed person to fresh air at once. If 
breathing is not evident, check for pulse and perform appropriate first aid, either rescue breathing 
or CPR, depending on the condition. Obtain medical attention immediately. 
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Procedures to follow in the event of a chemical exposure are included in Attachment C. 

8.8.3 Snakebite Injury 

in the event of a snakebite injury, the following procedures will be followed. 

Look for signs and symptoms such as the characteristic appearance of two small holes, usualky about 
a half inch apart, with surrounding discoloration, swelling, and pain. Systemic signs (which may or 
may not occur) include weakness, sweating, faintness, and signs of shock. 

Provide treatment as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

8.8.4 

Calm the victim and keep affected area still. 

Contact ambulance if you cannot provide victim with transportation to the nearest hlospital. 

Wash the wound. 

Keep the affected area below the level of the heart if bite is on the arm or leg. 

Treat for shock. 

Monitor airway, breathing, and circulation. 

Obtain physical description of snake, if possible. 

Provide the emergency medical responder (either the ambulance attendant or the 
emergency room at the hospital) with all pertinent information such as how long ago the 
bite occurred, the type of snake (if known), any known allergic conditions (if known), etc. 

Inform the SHSO as soon as possible. 

Spider Bite Injury 

There are two spiders commonly found in the United States whose bite can be serious: the black 
widow spider and the brown recluse spider. These bites may be serious, even life-threatening. Many 
other spiders will bite, but they do not produce serious complications. The black widow spider 
measures approximately 1 inch long with its legs extended. It is glossy black in color and has a 
distinctive yellow-orange marking in the shape of an hourglass on its belly. On its back, however, 
there is no marking, and unless you happen to turn the spider over, you cannot see this mark. The 
danger of the black widow spider bite lies in its systemic manifestations. The venom from thi,s spider 
attacks the nervous system, resulting in severe muscle cramps with board-like rigidity of the 
abdominal muscles, tightness in the chest, and difficulty in breathing. Sweating, nausea, and vomiting 
will also occur. 
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The emergency treatment for the black widow spider bite is basic life support. Sometimes the 
individual is not even aware of having been bitten, or where. Apply cold to the site of the bite if it can 
be identified. There is a specific antivenom for this spider bite that must be administered by a 
physician. It is particularly important to identify the spider, and bring it in, if you can. 

The brown recluse spider is a little bit smaller than the black widow spider and is dull brown in color. 
It has a violin-shaped mark on its back, which can be seen when you are looking at the spider from 
above. The spider gets its name because it tends to live in dark areas, corners, and old unused 
buildings. The bite from this animal produces local rather than systemic manifestations. The venom 
of the brown recluse spider causes severe local tissue damage and can lead to an ulcer and gangrene. 
The bitten area becomes red, swollen, and tender within a few hours after the bite. A small blister 
forms, and several days later, this may form a large scab, covering a deep ulcer. Death is rarely 
reported, but these bites need local surgical treatment, and these patients should be brought to the 
hospital. Again, if possible, identification of the spider should be carried out. 

8.9 Emergency Decontamination Procedures 

In the event of a medical emergency, patients are to be adequately decontaminated before transfer (if 
possible) to prevent contamination of the medical transport vehicle and medical facility. Emergency 
personnel decontamination will include the following, depending on the level of protection.* 

I Level D/D+ I Level C/B I 

l Equipment drop 
0 Protective suit removal 

(if worn) 
l Glove removal and 

disposal 

l Equipment drop 
l Outer glove removal and 

disposal 
l Protective suit removal 
l Respirator removal 
l Inner glove removal and 

disposal 

* If circumstances dictate that contaminated clothing cannot be readily removed, then remove gross 
contamination and wrap injured personnel with clean garments/blankets to avoid contaminating 
other personnel or transporting equipment. All emergency personnel are to be immediately 
informed of the injured person’s condition, potential contaminants, and provided with all pertinent 
chemical data. 

If necessary, one of the site personnel equipped with appropriate PPE may accompany the injured 
worker and perform decontamination with supervision of medical personnel. 

8.10 Personal Protection and First Aid Equipment 

PPE available for emergency response will include the following: 

l Tychem 9400 protective suits with attached boots 

l Silvershield, 4H, or nitrile gloves 
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l Face shields and goggles 

l Full facepiece supplied air respirator operated in the pressure demand mode 

PPE and first aid equipment will be available in the support zone (i.e., Baker Field Vehicle and Baker 
Field Trailer). 

Emergency and first aid equipment can be found at the following locations: 

Fire Extinguisher: Baker Field Trailer and Contractor Field Vehicle 
First aid kit: Baker Field Trailer and Baker Field Vehicle 
Air Horn: With Personnel 
15minute Emergency Eye Near Area With Greatest Potential for Chemical 
Wash Station Splash/Exposure 

8.11 Notification 

If the Emergency Coordinator determines that the site has an uncontrolled situation, such as a spill, 
fire, or explosion, that could threaten human health or the environment, the coordinator will 
immediately call the Navy On-Scene Coordinator, the Activity Contact, the Project Manager, and the 
NTR as soon as possible. The notification report will include: 

l Description of incident (e.g., release, fire). 

l Name and telephone number of individual reporting the emergency. 

l Location of incident. 

l Name and quantity of material (s) involved (if known). 

l The extent of injuries and number of casualties. 

l The possible hazards to human health or the environment and recommended cleanup procedures. 

l Assistance that is requested. 

8.12 Hazard Assessment 

The Emergency Coordinator will assess possible hazards to human health or the environment that may 
result from an uncontrolled situation, to the best of the individual’s abilities, incorporating the 
following steps, as appropriate. 

l Assess the immediate need to protect human health and safety. 

l Identify the materials involved in the incident including exposure and/or release pathways and the 
quantities of materials involved. 
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l Inform appropriate personnel, as identified in Section 8.11, who will determine if release of 
material(s) meets USEPA requirements for reportable quantities for spills under the RCRA or 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). 

This assessment may consider both the direct and indirect effects of the chemical release, fire, 
explosion, or severe weather conditions (e.g., the effects of any toxic, irritating, or asphyxiating gases 
that are liberated). 

8.13 Security 

During activation of these Emergency Procedures, the Emergency Coordinator or his/her designated 
representative will control access to the site and maintain an incident log until the appropriate 
personnel, such as the Navy On-Scene Commander, arrives and takes control. The incident Iog will 
include: 

l Activities that have occurred since the incident was first reported. 

l Tasks currently being performed and where. 

l Rescue and response equipment used. 

l Protective equipment being used. 

8.14 Emergency Alerting 

This section outlines the emergency alerting procedures according to the location and rype of 
emergency. 

Personnel Injury in the Work Zone: 

l Initiate a verbal warning or one long airhorn blast and move all unaffected site personnel to the 
support zone (for Level D/D+) or the CRZ (for Level C or higher). 

l Send the rescue team into the Work Zone (if required) to remove the injured person to the hotline. 

l Have the SHSO and/or Site Manager evaluate the nature of the injury and assure that the affected 
person is decontaminated according to Section 8.9. 

l If required, contact an ambulance and/or the designated medical facility. 

In all situations when an on-site emergency results in evacuation of the Work Zone, personnel shall 
not reenter until: 

1. 
2. 
3. 
4. 

The conditions resulting in the emergency have been corrected. 
The hazards have been reassessed. 
The HASP has been reviewed and, if appropriate, modified. 
Site personnel have been briefed on any changes in the HASP. 
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Personnel Injury in the Support Zone: 

l The Site Manager and SHSO will assess the nature of the injury; if the cause of the injury or loss 
of the injured person does not affect the performance of other site personnel, operations may 
continue. 

l If the injury increases the risk to others, a verbal warning or one long airhom blast shall be 
sounded and all remaining site personnel will move to the command post for f%rther instructions. 

l Activities on site will stop until the added risk is mitigated. 

Fire/Explosion: 

l Initiate a verbal warning or one long airhom blast and move all site personnel to the support zone 
(for Level D/D+) or the CRZ (for Level C or higher). 

l Alert the fire and security departments and move all nonessential personnel to the Baker 
Command Post to await further instructions. 

l Activities will stop until the added risk is mitigated. 

Personal Protective Equipment Failure: 

l If any site worker experiences difficulty, failure, or alteration of protective equipment that affects 
the protection factor, that person and his/her buddy shall immediately cease work activities, leave 
the Work Zone, and repair or replace the defective equipment. 

l Reentry will not be permitted until the equipment has been repaired or replaced. 

Other Equipment Failure: 

l If any other equipment on site fails to operate properly, the Field Team Leader shall notify the Site 
Manager and SHSO to determine the effect of this failure on site operations. If the failure affects 
the safety of site personnel, work with the equipment will cease until the situation is evaluated and 
appropriate actions taken. 

8.15 Training 

Site personnel will read the details in the Emergency Procedures prior to the pre-entry briefing. The 
Emergency Procedures will be reviewed by site personnel during the pre-entry briefing. 

8.16 Spill Containment Procedures 

In the event that a small (less than the reportable quantity), easily-controlled spill of hazardous 
substances (e.g., gasoline, oil, etc.) occurs during the implementation of field activities, spill 
containment will be utilized to prevent the additional migration of contaminants through the site area 
Large, uncontrolled spills will be handled by qualified response organizations under the direction of 
qualified Base personnel and/or Navy On-Scene Commander. Any release to soils or surface waters 
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equaling or exceeding the reportable quantities under CERCLA or the USEPA Clean Water Act will 
be reported to the MCB Camp Lejeune 911 emergency number and the Environmental Management 
Department who in turn will report it to the appropriate authorities. 

Specific spill containment procedures will be dependent on the type of materials spilled and the type 
of environment affected. Potential spill containment procedures may include diking with absorbent 
material/pads, then removal or containment of the contaminated materials. Spill containment materials 
will be located within close proximity to the storage area of the hazardous substances in a manner such 
that the pathway remains accessible and free of obstructions. Spill containment materials available 
on site may include: 

l Vermiculite 
l Ground corn cobs 
l Dirt or sand 
l Shovel 

8.17 Exercise and Critique of Emewency Procedures 

Site personnel shall periodically participate in a mock emergency and follow the procedures described 
in Section 8.0. After completion of the mock emergency, the elements of the emergency procedures 
shall be critiqued. Modifications to the written emergency procedures shall be made, as necessary. 
The scope of this practice and critique will be commensurate with emergency situations likely to arise 
given the work to be performed and site conditions. 
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TABLE 8- 1 

EMERGENCY TELEPHONE NUMBERS 

Facility 
Phone Number Phone Number 

On- Base Phone(‘) Off- Base Phone@) Contact* 

Security 
I 

911 or3004 
I 

911 or (910) 
I 

Response Operator 
451-3004 

Fire (Camp Geiger) 
Fire (MCAS) 

0538 
911 or 6620 

(910) 450-053s 
911 or 

(910) 450-6620 

Response Operator 
Response Operator 

Fire (Hot Work Permit) 
Ambulance (On- Base) 

3004 
911 

(910) 451-3004 
91 I or (910) 
45 l-3004 

Fire Alarm Operator 
Response Operator 

Ambulance (Off Base) (*9) 455-9119 (910) 455-9119 or 
911 

Response Operator 

Hospital Emergency Room 911 or 4840,4841, 450-4840 
(On- Base) 4842 450-484 1 

450-4842 
Onslow County Hospital (*9) 577-2240 (910) 577-2240 
(Off Base) 
Emergency (One Call) 911 911 
On- Scene Coordinator 911 (910)451-5815 

Ms. Jeanne Sleiertin 
or charge nurse of the 

Environmental 
Management Division 
&MD) 
JPL Buried Facility 
Locating 
Carolina’s Poison Center 

5068 

NA 

t*2> 
l-800-848-6946 

(910)451-5068 Mr. Neal Paul 

(910) 938-8312 Mr. Les Craft 

1 - SOO- 84% 6946 Response Operal.or 

National Response Center l-800-424-8802 1 - 800-424- 8802 Response Operator 
CHEMTREC 1- 800-424-9300 l-800-424-9300 Response Operalor 
ATSDR l-404-639-06 15 

l-404-639-06 15 
Response Operalor 

(I) The following prefixes apply when using on- base telephones: 
*2 - operator assisted calls including 800 numbers 
*8 - long distance calls 
*9 - local calls 

(2) When using the mobile phone, which is programmed for the Pittsburgh area, use the phone numbers 
(including area codes) for an off- base phone. 
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FIGURE 8- 2 

DIRECTIONS TO HOSPITAL FROM SITE 89 

Directions to Onslow County Memorial Hospital are as follows: 

1. Proceed through the Camp Geiger main gate to Ocean Highway (Route 17). 

2. Proceed north on Route 17 until intersecting with Lejeune Boulevard (Route 24). 

3. Travel east on Route 24 until intersecting with Western Boulevard. 

4. Turn left onto Western Boulevard and proceed north until the fifth stoplight 
(approximately 1.5 miles). 

5. Look for hospital on left. 

6. Follow directions to emergency room entrance. 



9.0 TRAINING AND HAZARD COMMUNICATION REQUIREMENTS 

Training requirements for site personnel are outlined in the following subsections. Table 9-l provides 
the appropriate OSHA training history for Baker project personnel. 

9.1 General Worker Training 

OSHA requires that personnel who will work on-site to be trained according to the requirements of 
29 CFR 19 10.120. Initial training must be a 40-hour course and three days of actual field experience 
under the direction of a trained, experienced supervisor. In addition to the initial training, personnel 
must attend 8-hour annual refresher courses to ensure that personnel retain the basic knowledge 
necessary for their safety when involved with hazardous waste site operations. 

9.2 Supervisor Training 

Supervisory personnel must attend &hour supervisory training sessions in Addition to the basic 
40-hour training described above. This training provides instruction in the management aspects of 
health and safety at hazardous waste sites. The SHSO will be qualified as a supervisor. 

9.3 Site Specific Training 

The SHSO will brief all individuals who will enter the site on the contents of this HASP. Each 
individual must certify that he or she has received the briefing, and that he or she understands the 
health and safety precautions to be taken by signing the Health and Safety Training Record. 

9.4 Hazard Communication 

In order to comply with 29 CFR 1910.1200, Hazard Communication Standard, the Baker ,written 
Hazard Communication Program will be available to site personnel upon request. 

All containers of hazardous materials received on site will be inspected to ensure the following: (1) all 
containers will be clearly labeled as to the contents; (2) the appropriate hazard warnings will be noted; 
(3) the name and address of the manufacturer will be listed. 

All secondary containers will be labeled with either an extra copy of the original manufacturer’s label 
or with generic labels which have a block for identity and blocks for the hazard warnings. 

Copies of MSDSs for all hazardous chemicals known or suspected to be on site will be maintained 
in the work area. MSDSs will be available to all employees for review during each work shift. 

9.5 Recordkeeping 

Training records relevant to safe operation of the site will be maintained by the SHSO for all Baker 
employees at the site. 
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Personnel 

Tracey O’Keefe 

Brian Karlovich 

Mark DeJohn 

(to be determined) 

TABLE 9-l 

OSHA TRAINING HISTORY OF BAKER PROJECT PERSONNEL* 

Title/Role Training Status 

l Project Manager l 40- hr. training completed:06/83 
l Supervisory training: NA 
l 8 hr. refresher completed: 1 O/98 
l First Aid Training: 1 O/98 
l CPR Training: 1 O/98 
l Medical surveillance: 07199 

l Project Health and Safety Officer 

l Site Manager 

l Site Health and Safety Officer/ 
Field Team Leader 

o 40- hr. training completed:07/93 
l Supervisory training: NA 
l 8 hr. refresher completed:09/99 
l First Aid Training: ox/oo 
l CPR Training: 08lOO 
l Medical surveillance: 08lOO 

l 40- hr. training completed:05188 
l Supervisory training: 07189 
e 8- hr. refresher completed:09/99 
l First Aid Training: 06/97 
l CPR Training: 06197 
l Medical surveillance: 10199 

l 40- hr. training completed: 
l Supervisory training: 
l 8- hr. refresher completed: 
l First Aid Training: 
l CPR Training: 
l AMpdj~a! sfl~pi!!~~ce: 



Personnel 

(to be determined) 

(to be determined) 

TABLE 9-1 (Continued) 

OSHA TRAINING HISTORY OF BAKER PROJECT PERSONNEL* 

Title/Role Trainiw Status 

l Environmental Scientist l 40- hr. training completed: 
l Supervisory training: 
l 8- hr. refresher completed: 
l First Aid Training: 
l CPR Training: 
8 Medical surveillance: 

* Geologist e 40- hr. training completed: 
l Supervisory training: 
l 8- hr. refresher completed: 
l First Aid Training: 
l CPR Training: 
l Medical surveillance: 

* Training and medical surveillance documentation for Baker and subcontractor personnel will be maintained at the Command Post. 

NA - Not Applicable 



10.0 MEDICAL SURVEILLANCE REQUIREMENTS 

10.1 General 

All personnel who may be exposed to materials having potentially adverse and deleterious health 
effects, obtain medical clearance from Baker’s Board Certified Occupational Health Physician in 
accordance with 29 CFR 1910.120(f) prior to entry onto any site. Baker’s corporate medical 
surveillance program establishes a medical baseline and monitors for symptoms of overexpos,ure for 
individuals who participate in Preliminary Assessments, Site Inspections, Remedial Investigations, 
Feasibility Studies, and construction-phase services at sites covered by the Department of Labor, 
OSHA, Hazardous Waste Operations and Emergency Response Standard, 29 CFR 19 IO. 120. The 
program will include a medical and work history and is intended to determine the individual’s 
capability for performing on-site work, including wearing chemical protective clothing and respiratory 
protective equipment in a thermally-stressed environment. 

All Baker employees that will be engaged in site activities covered by the 29 CFR 19 10.120 standard 
receive a Group III physical examination by an occupational health physician who has provided 
information on the individual’s site activities and exposure or anticipated exposure levels. This exam 
is received initially upon hire, then once every 12 months thereafter. More frequent medical 
examinations, consultations, and/or laboratory testing will be provided if the occupational health 
physician determines that an increased frequency of examination is required. A complete Group III 
medical exam includes parameters such as height, weight, vision, temperature, blood pressure, and 
a complete review of occupational and medical histories. Other tests in a Group III exam include chest 
x-rays, electrocardiogram, spirometry, urinalysis, and blood tests. Table 1 O-l, located in the “Tables” 
section at the back of this HASP, describes the medical surveillance testing parameters peribrmed 
annually on Baker employees. The need for additional monitoring depending on site conditions will 
be evaluated on a case-by-case basis. 

10.2 Site Specific 

Prior to entry onto the site, all personnel, including subcontractors, will be required to provide medical 
clearance to the SHSO from their company physician in accordance with 29 CFR 19 10.120(f), stating 
that they are physically capable of performing the activities required of them. The need for additional 
monitoring, dependent on information obtained during the site characterization, will be evaluated on 
a case-by-case basis. However, in the event that site employees are injured, receive a health 
impairment, develop signs or symptoms which may have resulted from exposure to hazardous 
substances resulting from an emergency incident, or are exposed during an emergency incident to 
hazardous substances at concentrations that are or may be above the permissible exposure limits or 
the published exposure levels without the necessary personal protective equipment being used, 
medical examinations and/or consultations shall be performed according to the following schedule: 

1. As soon as possible following the emergency incident or development of signs/symptoms. 

2. At additional times, if the examining physician determines that follow-up examinations or 
consultations are medically necessary. 

Procedures to follow in the event of an exposure to a hazardous material/chemical are provided in 
Attachment C. 
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Group II - Individuals Occasionally in the Field (1 O-30 days/year) 

Medical History (Physical Exam) 
Eye Exam 
EKG (baseline and for individuals over 40 years of age) 
Chest X-ray (baseline then every 5 years) 
Spirometry 
CBC with differential 
SMA 12 or 26 (liver enzyme scan) 

Group III - Individuals Frequently in the Field (>30 days/year) 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Medical History (Physical Exam) 
Eye Exam 
EKG (baseline then annually for individuals over 40 years of age) 
Audiometry 
Chest X-ray (baseline then every 3 years) 
Spirometry 
CBC with differential 
SMA 12 or 26 (liver enzyme scan) 
Urinalysis (glucose scan) 
Specific Blood and Urine Tests (dependent on field exposure)** 

TABLE lo- 1 

MEDICAL SURVEILLANCE TESTING PARAMETERS” 

Group III with Asbestos - Individuals frequently in the field whom also work with asbestos 

l Group III testing with the Asbestos Medical Questionnaire w/Pulmonary Function Test 
(FVGO and FEv1.01 

* The occupational health physician has the right to reduce or expand the medical monitoring 
on an annual basis as he/she deems necessary. 

** To be performed for individuals identified by the occupational health physician as being 
chronically exposed to organic compounds. 



11.0 HEALTH AND SAFETY PLAN APPROVAL 

This HASP for the SI Investigation activities at MCB Camp Lejeune Site 89 has been reviewed by 
the following personnel prior to the start of field activities. 

Mr. Brian Karlovich PHSO 
Name (Print) Title Signature 

Ms. Tracev O’Keefe 
Name (Print) 

Project Manager 
Title Signature 

Mr. Mark DeJohn 
Name (Print) 

Site Manager 
Title Signature 

11-I 



12.0 DECLARATION OF HEALTH AND SAFETY PLAN REVIEW* 

All site personnel indicated below have reviewed and are familiar with this HASP developed for the 
SI Investigation at MCB Camp Lejeune, Site 89. 

(Name-Print) 

(Signature) 

(Name-Print) 

(Signature) 

(Company) 

(Date/Time) 

(Company) 

(Date/Time) 

(Name-Print) 

(Signature) 

(Company) 

(Date/Time) 

(Name-Print) 

(Signature) 

(Name-Print) 

(Signature) 

(Cows) 

(Date/Time) 

(Company) 

(Date/Time) 

*This page is to be reproduced to accommodate the numbers of personnel who receive training prior 
to performing activities or visiting a site, and is to remain in the Baker Field Trailer until 
demobilization. 

Page of- 
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BAKER ENVIRONMENTAL, INC. 
SAFETY STANDARD OPERATING PROCEDURES 
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1.0 Respiratory Protection Program 
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5.0 Cold Stress Prevention Program 
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1.0 PURPOSE 

This program has been designed to comply with the Occupational Safety and Health Administration (OSHA) 29 Code 
of the Federal Register (CFR) 1910.134, Respiratory Protection. This respiratory protection program has been 
developed to provide guidance that will assist Baker Environmental, Inc. (Baker) employees while wearing respiratory 
protection, in order to safeguard health and life from dangerous atmospheres. 

2.0 SCOPE 

The purpose of the Baker Respiratory Protection Program is to govern the selection and use of respiratory protective 
equipment by Baker personnel. This program is also designed to meet requirements of the Occupational Isafety and 
Health Administration (OSHA) regulations 29 CFR 19 10.134 and 1926.103, Respiratory Protection. This program is 
applicable to those Baker employees who may be involved with potential respiratory hazards as part of their work tasks. 
The program outlines the procedures to follow when respiratory protective equipment is required. 

3.0 FZESPONSIBILITIES 

3.1 Respiratory Protection Program Manager 

Mr. Ronald Krivan, CSP, is the designated Respiratory Program Offtcer @PO) for Baker Environmental, inc. The RPO 
responsibilities are to insure that: 

. 

. 

. 

. 

. Counsel is provided for any revisions/changes that become necessary or scheduled by regulatory changes. 

. 

. 

Written procedures for the safe and proper use of respirators are developed and communicated. 

The effectiveness of the respirator program is evaluated at least annually, and written operating procedures 
modified as necessary to reflect the evaluation results. 

Project Manager’s, Site Manager’s, Site Safety and Health Officers, and employees are trained in the 
proper selection, use, and maintenance of respirators. 

Medical professionals are assisted in obtaining the necessary information for a thorough medical 
evaluation. 

The Respirator Medical Evaluation Questionnaire (Attachment A) is administered. 

The proper selection of respirators is made which will be suited for the hazard(s) and determined using 
the Respirator Hazard Evaluation Form (Attachment C). 

3.2 Medical Facility 

The medical facility used for respirator medical evaluations is: 

Allegheny Medical Center 
2000 Cliff Mine Road 



Park West 2, Suite 110 
Pittsburgh, PA 15275 

The expected services from this facility regarding respirator medical evaluations include: 

. Review and evaluate each employee’s Respirator Medical Evaluation Questionnaire. 

. Assess if employees are physically able to perform their work while using the respirator. 

l Conduct required medical testing protocols (e.g., pulmonary Function Test (PFT) or similar protocol) as 
defined by the physician. 

. All reviews of all employees receiving a respirator are accomplished and any additional requirements are 
met to continue the employee in the program. 

3.3 Project Managers 

Project Managers are responsible for insuring that all personnel working under their projects are: 

. Compliant with all provisions and instructions contained in this program. 

. Knowledgeable of the respiratory protection program requirements in regards to each project. 

3.4 Site Managers 

Site Managers are responsible for insuring that all personnel working under their control are: 

. Knowledgeable of the respiratory protection program requirements within their work areas. 

. Compliant with all facets of this respiratory protection program. 

. Properly using, cleaning, maintaining, and storing their respiratory protective equipment. 

. Physically evaluated, fit-tested, and trained prior to assignment in a job/area requiring the use of 
respiratory protection. 

3.5 Site Health and Safe& Offers 

Site Health and Safety Officers are responsible for the following: 

. Perform periodic audits to ensure compliance (e.g., proper fitting, cleaning, and storage) by anyone issued 
any type of approved respirator. The audit inspections are to be documented (Attachment B), 

. Upgrade or downgrade the level of respiratory protection or the type of respirator/cartridge based on 
information gathered at the site, which may not have been available during the selection of the respiratory 
protective devices. 



3.6 Employees 

Employees are required to: 

. Wear the appropriate respiratory protection whenever necessary or required. 

. Maintain and use respiratory equipment as directed by this program and pertinent operating instruction 
(including proper fitting, equipment conservation, cleaning, storage and documentation as required by 
regulatory standards and company policy and procedure). 

. Coordinate with the Site Managers and the Site Health and Safety Officer when making a request for 
respirators for a specific job. 

. Report to their Site Managers or the Site Health and Safety Officer any unusual conditions or problems, 
which may reduce the effectiveness of the protective equipment used, and/or increase the hazard to which 
employees may be exposed. 

. Undergo the required PFT (or similar protocol as determined by a qualified medical professional) and‘QFT 
directed by this procedure and applicable statutes. 

. Ensure their respirator, if not routinely used, is inspected monthly. Respirators used regularly are to be 
inspected before and after each use. The inspections are to be documented (Attachment B). Any worn 
or deteriorated parts will be replaced immediately. 

._ 

. Not loan respirators to anyone. 

4.0 SELECTION AND USE 

4.1 Respirator Selectiorz and Use 

Respirator selection is conducted by the RPO. The type of contaminant and contaminant concentration wil:l dictate the 
type of respirator that must be worn. Respirators will be NIOSH certified and selection will be based upon consideration 
from various sources, such as: 

. Respirator Hazard Evaluation Form (Attachment C) 

. Respirator Selection Criteria (Attachment D) 

. The NIOSH Respirator Decision Logic flowchart (Attachment E) 

Since Baker’s services involve a variety of environmental and industrial hygiene tasks, it is not practical to identify 
every possible hazard to which Baker employees could be exposed within the scope of this document. Therefore, it is 
essential that a task-specific assessment be conducted prior to the initiation of any activities on a given project. This 
task-specific assessment will be part of the site-specific Health and Safety Plan (HASP). 

After a task-specific assessment is completed and it is determined that there is a potential for airborne exposure 
concentrations to exceed the recommended limits, respirators will be selected on the following basis: 



. 

i ‘i 

. 

. 

. 

. 

. 

. 

. 

. 

Toxicity 
Maximum Expected Concentrations 
Oxygen Levels 
Warning Properties of the Substance(s) involved 
Sorbent Limitations 
Face Piece Fit 
Mobility Requirements 
Type of use (Routine, Escape, or Emergency Entry) 
Possibility of Ingestion of Toxic Materials 
Respirator Attributes 

An employee may request to wear a respirator, even where an exposure hazard does not exist or has not been determined 
to exist. The employee will be provided with an appropriately designed and fitted respirator based on the potential for 
hazard exposure in the area of work concerned. A medical evaluation must be completed prior to fit testing and the 
employee shall be allowed to wear the equipment only if they are medically capable of doing so. 

4.2 Cartridge Rep Lacemen t 

Cartridge replacement is based on the workload and use of the respirator. If individuals anticipate large volumes of 
work (continuous painting for more than four hours), the cartridges will be changed at least daily or as often as needed. 
If workloads are lighter, the cartridges may be used for a maximum of one week. 

Baker employees are also instructed to leave the respirator use area if they detect vapor or gas breakthrough or changes 
in breathing resistance. The respirator cartridges will be replaced prior to re-entering the work area. 

4.3 Available Respirators 

Assignment of specific respirators (i.e., manufacturer, model and size) will be based upon the results of the: fit testing 
procedures. Employees must use the specific model and size respirator assigned by the RPO. Baker will provide only 
as many respirator choices as necessary to obtain acceptable fits among employees. Respirators currently available for 
use by Baker employees are as follows: 

. North Half-Face (Model 7700) Air-Purifying Respirators 

. Full-Face (Model 7600) Air-Purifying Respirators 
l North Positive Pressure 30-Minute Self Contained Breathing Apparatus (SCBA) {Model 800) 
l North Positive Pressure Supplied Airline Respirators with 5-Minute Escape Air Cylinders (Model 85500) 
. MSA Ultra Twin Full-Face Respirators 
. MSA Comfo II Half-Face Respirator 

Only certified respiratory equipment (NIOSH, MSHA, etc.) will be distributed to Baker employees, in accordance with 
Title 30, Part II of the Code of Federal Regulations. Baker employees will be issued their own respiratory protective 
equipment, if they regularly perform tasks involving respiratory hazards, provided the employee can achieve a proper 
fit and is medically capable of wearing the equipment. 

4.4 Air Quality 

Compressed air used for respiration will be of high purity. Compressed breathing air shall meet at least the requirements 
for Grade D breathing air described in ANSI/Compressed Gas Association Commodity Specification for Air, G-7. l- 



1989. 

Baker has air cylinders tested as prescribed in the Shipping Container Specification Regulations of the Department of 
Transportation (49 CFR Part 173 and Part 178) through outside sources. 

Breathing gas containers (air cylinders) shall be marked in accordance with the NIOSH respirator certification standard, 
49 CFR part 84. 

5.0 TRAINING 

Employees will undergo respirator training prior to being required to use a respirator in the workplace. All employees 
wearing respirators will receive instructions and training on the proper use of respirators and their limitations. At 
minimum the training will include the requirements of OSHA as follows: 

. Appropriate hazard communication - why respirators are needed, the nature of the hazards, and possible 
consequences if respirators are not used 

. Limitations for the types of respirators in use 

. How to use the respirator effectively in emergency situations 

. Procedures for respirator inspecting, maintenance, donning and wearing, and performing fit checks 

l Qualitative fit test procedures 

. How to sanitize and store respirators to prevent deterioration and contamination 

. How to recognize medical signs and symptoms that may limit or prevent the effective use of Irespirators 

. The general requirements of the OSHA and Baker respiratory protection programs 

. Opportunity to wear respiratory equipment in normal air for an adequate timeframe and to wear it in a test 
atmosphere such as, one generated by smoke tubes or isoamyl acetate 

Employees will be evaluated at the conclusion of the training to ensure they fully understand the requirements of the 
program. All respiratory training will be repeated annually, and training documentation will be retained by the RPO. 

New employees must undergo a medical evaluation, training, and fit testing prior to being issued a personal respirator 
or being staffed on a project with the potential to use a respirator. The new employee will undergo initial Baker 
Respiratory Protection Program training regardless whether he/she has received training by a previous employer within 
the last 12 months. 

Current Baker employees who have attended the 40-hour OSHA training in accordance with 29 CFR 19 10.120, and who 
annually attend the g-hour refresher course, will not be required to attend the annual respiratory protection program 
training, since respirator use is covered in the course content. These employees will have to report for annual fit testing 
by a qualified Baker administrator. 

6.0 RFSPIRATOR FIT TESTING 

-. 
Baker employees who are required to wear respirators, as part of their work tasks, will receive a fit test administered 
using an OSHA-accepted qualitative or quantitative protocol set forth in OSHA 19 10.134 - Appendix A - Mandatory 



Fit Testing Procedures. Fit testing will be conducted only after the medical evaluation and training have been 

. . completed. All negative and positive-pressure respirators will be fit tested prior to use in the workplace. Dust/mist 
respirators are not required to be fit tested. A qualified Baker employee will perform fit testing at the following 
intervals: 

. At, or before initial assignment to an area requiring the use of a respirator 

. At least annually, unless specific regulations state otherwise 

. Whenever the employee suspects inadequate fit or if there are variances in physical condition 

. Based upon the results of respirator program evaluations by the RPO or designee 

Test results are documented using the form in Attachment F and retained by the RPO. When a satisfactory fit cannot 
be achieved with the respirators selected, the RPO will be contacted in order the make provisions to fit the worker with 
an alternative approved respirator or the worker will be assigned to an area where a respirator is not required. 

7.0 INSPECTION, MAINTENANCE, CLEANING, DISINFECTION, AND STOJXAGE 

7.1 Inspection and Muintena~zce 

All respirators will be inspected before and after each use. Inspections will include a check of respirator function, 
tightness of connections, and conditions of various parts, such as, the face piece, head straps, valves, other elastomeric 
parts for cleanliness, cracks, deterioration, and/or distortion. Cartridges and filters will be inspected’for dents and 
cracks. Employees will correct any part not functioning properly or notify the RPO prior to use. Replacement and spare 
respirator parts will be available from the RPO. 

7.2 Cleaning and Disinfecting 

Respirators are to be cleaned and disinfected by the respirator wearer using the procedures recommen8ded by the 
respirator manufacturer or by OSHA requirements in 1910.134 Appendix B-2. These cleaning and disinfecting 
requirements will be presented during training and are outlined in Attachment G. 

The reJpirators will be cleaned and disinfected at the following intervals: 

. Respirators issued for the exclusive use of an employee will be cleaned and disinfected as often as 
necessary to be maintained in a sanitary condition. 

. Respirators issued to more than one employee will be cleaned and disinfected before being worn by 
different individuals. 

. Respirators used in fit testing and training will be cleaned and disinfected after each use. 

. Respirators that come into contact with contaminated materials will be cleaned and ‘disinfected 
immediately after contact. 



z3 Storage 

When not in use, respirators will be stored in clean, dry storage area, such as the employee’s locker, or department to 
protect them from damage, contamination, dust, sunlight, temperature extremes, excessive moisture, and damaging 
chemicals. Site Managers will ensure these procedures are followed. 

8.0 MEDICAL EVALUATION 

All employees requiring (or requesting) a respirator will undergo a medical evaluation through the following local 
medical facility: 

Allegheny Medical Center 
2000 Cliff Mine Road 
Park West 2, Suite 110 
Pittsburgh, PA 15275 

Prior to fit testing, all persons using respirators will be given an initial medical evaluation to determine if they are 
physically able to perform the work and use the required equipment (such as, negative pressure respirators). 

Requirements for medical evaluations of respirator wearers will include at least completing the questionnaire in 
Attachment A and having it reviewed by an occupational physician at the local medical facility. Routine medical 
examinations and special testing will be conducted as the physician deems necessary. 

The following information will be provided to the physician conducting the medical evaluation: 

. The type and weight of the respirator to be used by the employee 

. The duration and frequency of respirator use 

. The expected physical work effort 

. Additional protective equipment to be worn 

l Temperature and humidity extremes that may be encountered 

. Acopyofthisprogramandacopyof29CFR 1910.134 

The RPO, with assistance from Allegheny Medical Center, will establish the specific health protocols necessary to 
ensure adequate compliance with this procedure. Specific PSHA standards will be followed for contaminants (such 
as, asbestos, lead, arsenic, etc.), as appropriate. 

At a minimum, Baker will provide additional medical evaluations if: 

. An employee reports medical signs or symptoms that are related to ability to use a respirator 

. A physician determines an employee needs to be reevaluated 

. An employee gives a positive response to any question among questions 1 through 8 in Section 2, Part A 
of Appendix A or whose initial medical examination demonstrates the need for a follow-up medical 
examination 

. A change occurs in workplace conditions (such as, physical work effort, protective clothing, temperature) 



that may result in a substantial increase in the physiological burden placed on an employee 

9.0 SPECIAL RESPIRATOR ITEMS 

. All employees assigned to jobs/tasks requiring the use of respirators will be clean shaven. Any facial hair 
that interferes with proper respirator fit is prohibited. 

. Contact lenses are permitted with the use of a respirator. Baker will supply corrective lenses if they are 
necessary for the employee. 

10.0 WORKPLACE SURVEILLANCE 

Employee exposure monitoring will be conducted whenever there is a chance of significant employee exposure to dusts, 
fogs, fumes, mists, gases, smokes, sprays, or vapors (including process changes or modifications). Significant worker 
exposure will include airborne levels in the workers breathing zone at or above the OSHA PELS, ACGIH TLV, NIGSH 
recommendations, or information from other competent authorities. Respirator selection should be reevaluated after 
exposure monitoring is completed to ensure the respirator and cartridge are appropriate for the exposure level 
experienced by the employee. Employees should be issued the appropriate respirator and cartridges if needed. 

If the RPO deems a significant exposure is possible, initial employee monitoring will be conducted as soon as possible. 
Respirator selection will be, in part, based on these and follow-up results. 

11.0 SUB-CONTRACTOR REQUIREMENTS 

In compliance with Baker’s Respiratory Protection Program, all sub-contractors under the direction of Baker personnel 
will be expected to comply with OSHA standards 1910.134 and 1926.103. Additionally, the sub-contractors will be 
required to: 

. Provide documentation that their employees have been medically certified to wear a respirator, have been 
properly trained, and have been fit tested within the past 12 months. 

12.0 PROGRAM EVALUATLON 

The RPO will review and update the respirator program at least annually, or whenever new areas requiring respiratory 
protection have been identified, before proposed process changes, or when the need arises to revise respirator selection 
logic (e.g., a reduction in PELs). The evaluation will include a review of respirator usage as pertaining to this program. 
A written copy of the evaluation and any pertinent program changes will be kept on file by the RPO’s. If required, 
revisions to the respirator program and specific written operating procedures will be made as soon as possible. 

13.0 RECORDKEEPING 

Records and written information regarding medical evaluations, fit testing, and the respirator program shall be retained 
in accordance with OSHA 1910.134. Medical records will be retained by the Human Resource Department in each 
employees personnel file, which is kept confidential. Fit testing records will be maintained by the RPO, along with a 
copy of the respiratory protection program. Program records will be made available to affected employees upon request. 



ATTACHMENT A 
MEDICAL EVALUATION QUESTIONNAIRE 



APPENDIX A 
Respirator Medical Evaluation Questionnaire 

*To the employer: Answers to questions in Section 1, and to question 9 in 
Section 2 of Fart A, do not require a medical examination. 

*To the employee: 
*Can you read (circle one): Yes/No 

*Your employer must allow you to answer this questionnaire during normal working 
hours, or at a time and place that is convenient to you. To maintain your 
confidentiality, your employer or supervisor must not look at or review your 
answers, and your employer must tell you how to deliver or send this 
questionnaire to the health care professional who will review it. 

*Part A. Section 1. (Mandatory) The following information must be provj.ded by 
every employee who has been selected to use any type of respirator (please 
print). 
fl. Today's date: *2. Your Name: 

*3. Your age (to nearest year): *4. Sex (circle one): Male/Female 

f5. Your height: ft. in. *6. Your weight: lbs. 

*7, Your job title: - 

*f3. A phone number where you can be reached by the health care professional who 
reviews this questionnaire (include the Area Code): - 

'9. The best time to phone you at this number: 

“10. Has your employer told you how to contact the health care professional who 
will review this questionnaire (circle one): Yes/No 

*11. Check the type of respirator you will use (you can check more than one 
category): 
*a. N, R, or P disposable respirator (filter-mask, non- cartridge type 
only). 
*b. Other type (for example, half- or full-facepiece type, powered-air 
purifying, supplied-air, self-contained breathing apparatus). 

*12. Have you worn a respirator (circle one): Yes/No 

* If "yes," what type(s): 

"Part A. Section 2. (Mandatory) Questions 1 through 9 below must be answered by 
every employee who has been selected to use any type of respirator (please 
circle rryes" or "no"). 

*1. Do you currently smoke tobacco, or have you smoked tobacco in the last 
month: Yes/No 

*2. Have you ever had any of the following conditions? 
*a. Seizures (fits): Yes/No 
*b. Diabetes (sugar disease): Yes/No 
AC. Allergic reactions that interfere with your breathing: Yes/No 



*d. Claustrophobia (fear of closed-in places): Yes/No 
*e. Trouble smelling odors: Yes/No 

*3. 

*a. 
*b. 
*CZ. 
*d. 
*e. 
ff. 
*9- 
*h. 
*i. 
* . I- 
*k. 
*1. 

Have you ever had any of the following pulmonary or lung problems? 
Asbestosis: Yes/No 

Asthma: Yes/No 

Chronic bronchitis: Yes/No 
Emphysema: Yes/No 
Pneumonia: Yes/No 
Tuberculosis: Yes/No 
Silicosis: Yes/No 
Pneumothorax (collapsed lung) : Yes/No 
Lung cancer: Yes/No 

Broken ribs: Yes/No 
Any chest injuries or surgeries: Yes/No 
Any other lung problem that you've been told about: Yes/No 

*4. Do you currently have any of the following symptoms of pulmonary or lung 
illness? 
*a. Shortness of breath: Yes/No 
*b. Shortness of breath when walking fast on level ground or walking up a slight 
hill or incline: Yes/No 
*c. Shortness of breath when walking with other people at an ordinary pace on 
level ground: Yes/No 

/' 

d. Have to stop for breath when walking at your own pace on level ground: Yes/No 
*e. Shortness of breath when washing or dressing yourself: Yes/No 

*f. Shortness of breath that interferes with your job: Yes/No 
*g- Coughing that produces phlegm (thick sputum): Yes/No 

*h. Coughing that wakes you early in the morning: Yes/No 
*i. Coughing that occurs mostly when you are lying down: Yes/No 
*' 3- Coughing up blood in the last month: Yes/No 
*k. Wheezing: Yes/No 
*l. Wheezing that interferes with your job: Yes/No 
*m. Chest pain when you breathe deeply: Yes/No 
*n. Any other symptoms that you think may be related to lung problems: Yes/No 

*5. Have you ever had any of the following cardiovascular or heart problems? 
*a. Heart attack: Yes/No 
*b. Stroke: Yes/No 
*c. Angina: Yes/No 
*d. Heart failure: Yes/No 
*e. Swelling in your legs or feet (not caused by walking): Yes/No 
*f. Heart arrhythmia (heart beating irregularly): Yes/No 
*4- High blood pressure: Yes/No 
*h. Any other heart problem that you've been told about: Yes/No 

*6. Have you ever had any of the following cardiovascular or heart symptoms? 
*a. Frequent pain or tightness in your chest: Yes/No 
*b. Pain or tightness in your chest during physical activity: Yes/No 
*c. Pain or tightness in your chest that interferes with your job: Yes/No 
*d. In the past two years, have you noticed your heart skipping or missing a 
beat: Yes /No 
*e. Heartburn or indigestion that is not related to eating: Yes/ No 
*f. Any other symptoms that you think may be related to heart or circulation 
problems: Yes/No 



*7. Do you currently take medication for any of the following problems? 
*a. Breathing or lung problems: Yes/No 
*b. Heart trouble: Yes/No 
*c. Blood pressure: Yes/No 
*d. Seizures (fits): Yes/No 

*a. If you've used a respirator, have you ever had any of the following 
problems? (If you've never used a respirator, check the following space and go 
to question 9:) 
*a. Eye irritation: Yes/No 
*b. Skin allergies or rashes: Yes/No 
*c. Anxiety: Yes/No 
*d. General weakness or fatigue: Yes/No 

*e. Any other problem that interferes with your use of a respirator: Yes/No 

*9. Would you like to talk to the health care professional who will review this 
questionnaire about your answers to this questionnaire: Yes/No 

*Questions 10 to 15 below must be answered by every employee who has been 
selected to use either a full-facepiece respirator or a self-contained b.reathing 
apparatus (SCBA). For employees who have been selected to use other types of 
respirators, answering these questions is voluntary. 

*10. Have you ever lost vision in either eye (temporarily or permanently): 
Yes/No 

*11. Do you currently have any of the following vision problems? 
*a. Wear contact lenses: Yes/No 
*b. Wear glasses: Yes/No 
fC. Color blind: Yes/No 
*e. Any other eye or vision problem: Yes/No 

*12. Have you ever had an injury to your ears, including a broken ear dr,um: 
Yes /No 

*13. Do you currently have any of the following hearing problems? 
*a. Difficulty hearing: Yes/No 
*b. Wear a hearing aid: Yes/No 
*c. Any other hearing or ear problem: Yes/No 

f14. Have you ever had a back injury: Yes/No 

*15. Do you currently have any of the following musculoskeletal problems? 
*a. Weakness in any of your arms, hands, legs, or feet: Yes/No 

*b. Back pain: Yes/No 
*c. Difficulty fully moving your arms and legs: Yes/No 
*d. Pain or stiffness when you lean forward or backward at the waist: Yes/No 

*e. Difficulty fully moving your head up or down: Yes/No 
*f. Difficulty fully moving your head side to side: Yes/No 
*g. Difficulty bending at your knees: Yes/No 
*h. Difficulty squatting to the ground: Yes/No 
*i. Climbing a flight of stairs or a ladder carrying more than 25 lbs: Yes/No 
* . 3. Any other muscle or skeletal problem that interferes with using a 
respirator: Yes/No 



*Part B Any of the following questions, and other questions not listed, may be 
added to the questionnaire at the discretion of the health care professional who 
will review the questionnaire. 

*1. In your present job, are you working at high altitudes (over 5,000 feet) or 
in a place that has lower than normal amounts of oxygen: Yes/No 
If "yes," do you have feelings of dizziness, shortness of breath, pounding in 
your chest, or other symptoms when you're working under these conditions: Yes/No. 

*2. At work or at home, have you ever been exposed to hazardous solvents, 
hazardous airborne chemicals (e.g., gases, fumes, or dust), or have you come 
into skin contact with hazardous chemicals: Yes/No 
If rryes,*e name the chemicals if you know them: 

*3. Have you ever worked with any of the materials, or under any of the 
conditions, listed below: 
a. Asbestos: Yes/No 
b. Silica (e.g., in sandblasting): Yes/No 
c. Tungsten/cobalt (e.g., grinding or welding this material): Yes/No 

d. Beryllium: Yes/No 

e. Aluminum: Yes/No 
f. Coal (for example, mining): Yes/No 
g- Iron: Yes/No 
h. Tin: Yes/No 
i. Dusty environments: Yes/No 
j. Any other hazardous exposures: Yes/No 
If "yes, '1 describe these exposures: 

*4. List any second jobs or side businesses you have: 

*5. List your previous occupations: 

*6. List your current and previous hobbies: 

*7. Have you been in the military services? Yes/No 
If "yes," were you exposed to biological or chemical agents (either in training 
or combat): Yes/No 

*8. Have you ever worked on a HAZMAT team? Yes/No 

f9. Other than medications for breathing and lung problems, heart trouble, blood 
pressure, and seizures mentioned earlier in this questionnaire, are you taking 
any other medications for any reason (including over-the-counter medications): 
Yes/No 
If "yes, " name the medications if you know them: 

*10. Will you be using any of the following items with your respirator(s)? 
a. HEPA Filters: Yes/No 
b. Canisters (for example, gas masks): Yes/No 
c. Cartridges: Yes/No 



*11. How often are you expected to use the respirator(s) {circle "yes" or "no" 
for all answers that apply to you)?: 
a. Escape only (no rescue): Yes/No 
b. Emergency rescue only: Yes/No 
c. Less than 5 hours per week: Yes/No 
d. Less than 2 hours per day: Yes/No 
e. 2 to 4 hours per day: Yes/No 
f. Over 4 hours per day: Yes/No 

*12. During the period you are using the respirator(s), is your work efEort: 
a. Light (less than 200 kcal per hour): Yes/No 
If "yes," how long does this period last during the average 
shift: hrs. mins. 
Examples of a light work effort are sitting while writing, typing, drafting, or 
performing light assembly work; or standing while operating a drill press (l-3 
lbs.) or controlling machines. 

b. Moderate (200 to 350 kcal per hour): Yes/No 
If Uyes,f' how long does this period last during the average 
shift: hrs. mins. 
Examples of moderate work effort are sitting while nailing or filing; driving a 
truck or bus in urban traffic; standing while drilling, nailing, performing 
assembly work, or transferring a moderate load (about 35 lbs.) at trunk level; 
walking on a level surface about 2 mph or down a 5-degree grade about 3 mph; or 
pushing a wheelbarrow with a heavy load (about 100 lbs.) on a level surface. 

c. Heavy (above 350 kcal per hour): Yes/No 
If Uyes," how long does this period last during the average 
shift: hrs. mins. 
Examples of heavy work are lifting a heavy load (about 50 lbs.) from the floor 
to your waist or shoulder; working on a loading dock; shoveling; standing while 
bricklaying or chipping castings; walking up an 8-degree grade about 2 mph; 
climbing stairs with a heavy load (about 50 lbs.). 

*13. Will you be wearing protective clothing and/or equipment (other than the 
respirator) when you're using your respirator: Yes/No 
If "yes,U describe this protective clothing and/or equipment: 

*14. Will you be working under hot conditions (temperature exceeding 77 deg. F): 
Yes /No 

*15. Will you be working under humid conditions: Yes/No 

*16. Describe the work you'll be doing while you're using your respirator(s): 

"17. Describe any special or hazardous conditions you might encounter when 
you're using your respirator(s) (for example, confined spaces, life-threatening 
gases): 



*18. Provide the following information, if you know it, for each toxic substance 
that you'll be exposed to when you're using your respirator(s): 
Name of the first toxic substance: 
Estimated maximum exposure Level per shift: 
Duration of exposure per shift 
Name of the second toxic substance: 
Estimated maximum exposure level per shift: 
Duration of exposure per shift: 
Name of the third toxic substance: 
Estimated maximum exposure level per shift: 
Duration of exposure per shift: 
The name of any other toxic substances that you'll be exposed to while -using 
your respirator: 

*19. Describe any special responsibilities you'll have while using your 
respirator(s) that may affect the safety and well-being of others (for example, 
rescue, security): 



ATTACHMENT B 
RESPIRATOR INSPECTION AUDIT 



RESPIRATOR INSPECTION AUDIT CHECKLIST 
BAKER ENVIRONMENTAL, INC. RESPIRATORY PROTECTION PROGRAM 

Employee Name Social Security # 

Plant and Area Crew Chief 

STORAGE AREA: 

Where is the Respirator stored? 

Is the storage unit acceptable? 

Is the storage unit clean? 

TYPE AND CONDITION OF RESPIRATOR: 

YES NO -c 

YES NO -- 

Type of Respirator, Cartridge, and Filter 

Facepiece? (damaged, distorted, vision impaired, cracks) 

Straps? (damaged, stretched, frayed, missing) 

inhalation and exhalation valves? (cracked, improper seated, missing) 

Filters and/or cartridges? (proper type, dirty, damaged) 

How is overall condition? (clean, good condition) 

WORK AREA CONDITIONS: 

Has work area changed in a way that may effect the proper use of respirator? 

YES NO -_ 

YES NO -_ 

YES NO -_ 

YES NO -_ 

YES NO -_ 

YES NO -_ 

if yes, explain 

How often is the respirator used? 

- 

What are-the hazards the respirator is used for? 

Any other comments? 

Investigator Date 



ATTACHMENT C 
RESPIRATOR HAZARD EVALUATION FORM 



RESPIRATORY HAZARD EVALUATION FORM EVAL. NO. 

SITE: LOCATION/BUILDING: 
WORK AREA: SPECIFIC TASK: 
TOTAL NUMBER OF EMPLOYEES EXPOSED: DISTRIBUTION: lST SHIFT 2ND SHIFT 3RD SHIFT 

Potential Contaminant Chemical State 

Liquid Gas Solid 

Physical Form 

Vapor Gas Mist Dust Fume Fiber 

Air Monitoring 
Results 
<PEL/TLV >PELiTLV ~ 

Protection 
Factor Rea’d. 

--- _----- - - 
--- ------ - - 

Warning 
Propertes? 

Y N 
Y N 
Y N 

LIMITING PROTECTION FACTOR (Highest): FOR DUSTS - IS PARTICLE SIZE KNOWN? (circle) Yes No 
FILTER CLASSIFICATION (if required): (circle) N R P (circle) 95 99 99.9 
OXYGEN LEVEL ADEQUATE? Yes No IDLH Levels Present? Yes No 

RESPIRATOR TYPE: AIR PURIFYING: DISPOSABLE DUST/MIST/FUME 
REUSABLE STYLE (circle) HALF FACE FULL FACE PAPR 

RESPIRATOR: 

CARTRIDGE TYPE: CHANGE SCHEDULE: 
FILTER TYPE: 

AIR SUPPLIED: AIRLINE (circle) HALF FACE FULL FACE HOOD HELMET 
SCBA 

BRAND: MODEL NO. NIOSH TC# 
CARTRIDGE and/or FILTER TC# 

Person Performing Evaluation: Date: 



ATTACHMENT D 
RESPIRATOR SELECTION CRITERIA 



SELECTION CRITERIA 

The following items are to be considered when selecting respirators: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Il. 

12. 

13. 

14. 

IS. 

16. 

Is protection needed for oxygen deficient or enriched atmospheres? Only air supplying respirators can 
be used in such areas. 

Is protection needed for airborne contaminants? 

What are the contaminants? 

What are the contaminant warnings? Inadequate-warning propertiescsuch as not being able to detect 
the contaminant by smell, taste or irritation below the permissible exposure 1imitsCrequire air 
supplying respirators. 

What is the permissible exposure limit, action level, ceiling, short term and/or excursion lim,$s for 
each contaminant? 

What are the contaminant’s physical properties? 

What are the contaminant’s chemical properties? 

What health effects can be caused by exposure? 

Is the onset of symptoms delayed? 

What are the employee exposure levels? 

What are the maximum possible exposures? 

How long are employees exposed? 

Where is the work being conducted? Work in a confmed space requires air supplying respirators and 
additional safety precautions. 

What physical work activity is being conducted? 

What other protective equipment is being worn? 

What is the health status of the employees? Some employees may have to be excluded from using 
respiratory equipment because of pulmonary or other medical disorders. 



ATTACH.MENT E 
NIOSH DECISION LOGIC FLOWCHART 



The Respirator Decision Logic Sequence is presented in Figure 1 in the form 
of a flow chart. This flow chart can be used to identify suitable classes 
of respi rators for adequate protection against specific envi ronmental 
conditions. Refer to the corresponding narrative section for additional 
information pertaining to a specific part of the flow chart. 

tf other contaminants 
are present 

KEY: CC-Contaminant Concentration 
EL-Exposure Limit 
ESU-End of Service CIfe Indicator 
FF-Full Facepiece 
IDLH-immediately Dangerous 

to Life or Health 
PD-Pressure Demand 
PF-Protection Factor 
PFa-Assigned PF 
PFmin-Minimum PF 
PP-Positive Pressure 
SCBA-Self-Contained 

Breathing Apparatus 
SAW-Supplied-Air Respirator 

A’ - SCBA with FF operated in PO or PP mode. 

6’ - Type C supplied-air respirator (airline) 
operated in PD or PP mode with auxiliary SCBA. 

C’ - Escape respirator or gas mask with appropriate 
filterlsorbent (Subparagraph 5); if OX deficient, 
then SCBA. 

Figure 1. - Flow Chart of Respirator Decision Logic Sequence 
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Figure 1. - Flow Chart of Respirator Decision Logic Sequence - Continued 
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ATTACHMENT F 
QUALITATIVE FIT-TEST RECORD 



BAKER ENVIRONMENTAL, INC. 
QUALITATIVE RESPLRATOR FIT TEST RECORD 

,’ -\ 

. . 

TEST SUBJECT NAME 
@=t) 

DATE SOCIAL SECURITY NUMBER 

SEX (M/F) AGE DEPARTMENT 

(first) (initial) 

RESPIRATOR MEDICAL DATE RESPIRATOR TRAINING DATE 

SPECIAL/UNUSUAL CONDITIONS/CONSIDERATIONS: 

&s& Yes No 
9 9 Claustrophobia 9 9 Scars 
9 9 Facial hair 9 9 Broken or crooked nose 
9 9 Eyeglasses 9 9 Extreme facial dimensions 
9 9 Contacts 9 9 Wrinkles 
9 9 Other: 

RESPIRATOR SELECTION 

Manufacturer/Model 

Testing 

Isoamyl Acetate 

Irritant Smoke 

Other: 

Size Style Result 

L-- - M L--..-.- Half Full Pass Fail 

S---.--- M--.-- L-....-- Half Full pass -- Fail 

S------- M- L--.-- Half Full Pass Fail 

Pass Qualitative Test Pass Sensitivity Check 

Yes No Yes No 

Yes No Yes No 

Yes No Yes No 
4 

TEST EXERCISES 
(Complete list, all must be performed) 

Normal Breathing 
Deep Breathing 
Head, Side to Side 
Head, Up and Down 

COMMENTS: 

Talking 
Bending 
Jaw Movements 
Rainbow Passage 

Signed: 
(Test Subject) 

Signed:- 
(Instructor) 



ATTACHMENT G 
CLEANING AND DISINFECTING 



CLEANING AND DISLNFECTING 

These cleaning and disinfecting requirements will be presented during training and are outlined below: 

. Remove filters and cartridges. Disassemble facepieces by removing speaking diaphragms, 
demand and pressure- demand valve assemblies, hoses, or any components recommended 
by the manufacturer. Discard or repair any defective parts. 

. Wash components in warm (43 deg. C [ 110 deg. FJ maximum) water with a mild detergent 
or with a cleaner recommended by the manufacturer. A stiff bristle (not wire) brush may 
be used to facilitate the removal of dirt. 

. Rinse components thoroughly in clean, warm (43 deg. C [I 10 deg. F] maximum), preferably 
running water. 

. When the cleaner used does not contain a disinfecting agent, respirator components should 
be immersed for two minutes in one of the following: 

1. Hypochlorite solution (50 ppm of chlorine) made by adding approximately one milliliter of. 
laundry bleach to one liter of water at 43 deg. C (110 deg. F); or, 

2. Aqueous solution of iodine (50 ppm iodine) made by adding approximately 0.8 milliliters 
of tincture of iodine (6-8 grams ammonium and/or potassium iodide/l00 cc of 45% alc’ohol) 
to one liter of water at 43 deg. C (110 deg. F); or, 

3. Other commercially available cleansers of equivalent disinfectant quality when used as 
directed, if their use is recommended or approved by the respirator manufacturer. 

. Rinse components thoroughly in clean, warm (43 deg. C [ 110 deg. F] maximum), preferably 
running water .and drain. Detergents or disinfectants that dry on facepieces may result in 
dermatitis. In addition, some disinfectants may cause deterioration of rubber or corrosion 
of metal parts if not completely removed. 

. Components are to be hand-dried with a clean lint-free cloth or air-dried. 

. Reassemble facepiece, replacing filters, cartridges, and canisters where necessary. 

. Test the respirator to ensure that all components work properly. 



Chain of Training 
Respiratory Protection Program 

The following must be completed prior to the above employee being authorized to wear respiratory protection during normal 
field activities: 

Medical Evaluation Complete and 
Results Permit Employee to Wear 
Respirator-v Protection: 

OSHA 40 Hour Training/S Hour 
Refresher Training Complete: 

Annual Respiratory Protection Program 
T king Complete: 

Qualitative Fit Test Performed and 
Employee is Authorized to Wear a 
Respirator During Normal Field 
Operations: 

Gail Weihaus. Training Coordinator 

Gail Weihaus. Training Coordinator 

Health and Safety Office 

Darrin Hupe, Equipment Manager 

cc: Original-GWeihaus, CDott, DI-Iupe, Employee Page 1 of 1 
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PERSONAL PROTECTIVE EQUIPMENT (PPE) PROGRAM 

1.0 INTRODUCTION 

The objective of the Personal Protective Equipment ( PPE) Program is to protect employees from risk of 
injury or death by creating a barrier against workplace hazards. PPE is not a substitute for good 
engineering or administrative controls or good work practices, but should be used in conjunction with 
these controls to ensure the safety and health of employees. This program addresses eye, face,, head, foot, 
hand and body protection in accordance with 29 CFR 1910.132. Separate programs exist for respiratory 
and hearing protection. 

Federal OSHA standards require that employers perform a hazard assessment of the workplace to 
determine the nature of the hazards and ensure that appropriate PPE is available to employees,. The 
standards require that employees be trained in the proper use, care and limitations of PPE. 

2.0 SCOPE 

The scope of this program is to specify the PPE requirements of Baker Environmental, Inc (Baker), 
which include: 

’  ̂
. Types of PPE available 
. PPE inspection procedures 
. Guidelines for specifying the appropriate PPE 

3.0 RESPONSIBILITIES 

This program includes the responsibilities of the Baker Health and Safety Coordinator, Project Manager, 
Site Manager, Site Health and Safety Officer (SHSO), and employees. The responsibilities of these 
individuals are presented in the Responsibilities section of this manual. Additional responsibilities are 
outlined below. 

The Project Manager and Site Manager are responsible for ensuring that a hazard assessment is 
conducted and the specified PPE is provided and used by site personnel. The SHSO’s duties :include: 

. Issuing appropriate PPE 

. Removing and replacing defective or damaged equipment 

4.0 PROCEDURES 

, _ 

A Hazard Assessment Determination of each project is conducted to determine the nature of hazards 
that may be present and the selection of appropriate PPE requirements. Specifics of the 
hazard assessment conducted by Baker are presented in the site-specific health and safety plans. 
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The various types of PPE available is discussed in this section. 

4.1.1 Eye and Face Protection 

Eye and face protective equipment is required by OSHA where there is a reasonable probability of 
preventing injury when such equipment is used. Employers must provide a type of protector 
suitable for work to be performed and employees must use the protectors. These stipulations also apply 
to all personnel on site and include visitors while they are in hazardous areas. 

Suitable protectors will be used when employees are exposed to hazards from flying particles, molten 
metal, liquid chemicals, acids or caustic liquids, chemical gases or vapors, or potentially injurious light 
radiation. Side protectors will be used when there is a hazard from flying objects. Goggles will be’used 
when there is a hazard from chemical splashes. Equipment fitted with appropriate filter lenses will be 
used to protect against light radiation. Eye and face protectors will meet all provisions contained in the 
ANSI standard (ANSI 287.1-1989). 

, - \_ 

For employees who wear prescription lenses, eye protectors will either incorporate the prescription in the 
design or fit properly over the prescription lenses. 

4.1.2 Head Protection 

Protective hats will be worn when hazards from falling or fixed objects, or electrical shock are present. 
Protective hats will meet all provisions contained in the ANSI standard (ANSI 289.1- 1969). 

4.1.3 Foot Protection 

Safety shoes will be worn when falling, rolling, puncture, or electrical hazards are present. Safety shoes 
will meet all provisions contained in the ANSI standard (ANSI 24 1 . l- 1967). 

4.1.4 Hand Protection 

Suitable gloves will be worn when hazards from chemicals, cuts, lacerations, abrasions, punctures, 
bums, and harmful temperature extremes are present. Glove selection will be based on performance 
characteristics, conditions, duration of use, and hazards present. 

4.1.5 Dermal Protection 

Suitable protective clothing will be worn when hazards from chemicals, cuts, lacerations, abrasions, 
punctures, burns, and harmful temperature extremes are present. Material/fabric selection will be based 

, * on performance characteristics, conditions, duration of use, and hazards present. 
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For additional information on specific types and classes of PPE, see Appendix A, General Guidelines 
for Choosing Personal Protective Equipment. 

4.2 Cleaniw/Disposal 

PPE will be cleaned or disposed in accordance with the Project specific Health and Safety Plan and 
applicable local/state/federal regulation. Non disposable PPE is not to be shared between employees 
until it has been properly cleaned and sanitized. Disposable PPE is not to be shared between employees. 

5.0 TRAINING 

Personnel training and record keeping requirements are presented in this section. 

5.1 Personnel Trainin 

Baker employee PPE training will be conducted during the 40-hour OSHA training and updated during 
the mandatory 8-hour annual refreshers. In addition, PPE training will be conducted during project 
related on-site health and safety briefings. The training will include, but not necessarily be limited to, 
the following subjects: 

. When, and where, PPE is necessary to be worn 

. What PPE is necessary 

. How to properly don, doff, adjust, and wear PPE 

. The limitations of the PPE 

. The proper care, maintenance, useful life and disposal of the PPE 

. Demonstration that the employee understands the training material and is able to use PPE 
properly 

5.2 Record Keekq 

Written records of OSHA mandated training will be kept of the names of persons trained, the type of 
training provided, and the dates when training occurred. The records will be maintained in the 
employees permanent file. Project specific training will be recorded in the Project File. Original 
Training Certificates will be presented to the employee. 
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1.0 Eye PROTECTION 

. ~ Protective eye wear is required when flying particles, dusts, fimres, vapors or harmful rays could expose 
an employee to potential eye injury. 

1.1 Safety Glasses 

Standard safety glasses look very much like normal glasses, but are designed to protect against flying 
particles. Safety glasses have lenses that are impact resistant and frames that are far stronger than 
regular eyeglasses. Safety glasses must meet the standards of the American National Standards Institute 
(ANSI). Safety glasses are also available in prescription form for those persons who need co,rrective 
lenses. Safety glasses can be equipped with side shields, cups, or tinted lenses to offer additional 
protection. 

1.2 Safe& Goggles 

Like safety glasses, goggles are impact resistant and are available in tinted lenses. Goggles should 
provide a secure shield around the entire eye area to protect against hazards coming from many 
directions. Goggles are provided on project sites when a potential of chemical splashing exists and/or at 
the request of any site personnel. 

2.0 HEAD PROTECTION 

Head injuries can be caused by falling or flying objects, or by bumping the head against a fixed object. 
__ Head protectors, in the form of protective hats, must resist penetration and absorb the shock of a blow. 

The shell of the protective hat should be hard enough to resist the blow and the headband and crown 
straps should keep the shell away from the wearer’s skull. Protective hats can also protect against 
electrical shock. Protective hats are made in the following types and classes: 

. Type 1 - helmets with a full brim, not less than 1 and l/4 inches wide 

. Type 2 - brimless helmets with a peak extending forward from the crown 

For industrial purposes, three classes are recognized: 

. Class A - general service, limited voltage protection; 

. Class B - utility service, high-voltage helmets; and 

. Class C - special service, no voltage protection. 

3.0 FOOT PROTECTION 

Footwear requirements on Baker projects must meet established safety standards. This is located by 
checking for the American National Standards Institute (ANSI) label inside each shoe. 
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3.1 Steel-Reinforced Safety Shoes 

, These shoes are designed to protect an employee’s feet from common machinery hazards such as falling 
or rolling objects, cuts, and punctures. The entire toe box and insole are reinforced with steel., and the 
instep is protected by steel, aluminum, or plastic materials. Safety shoes are also designed to insulate 
against temperature extremes and may be equipped with special soles to guard against slips, chemicals, 
and/or electrical hazards. 

3.2 Safetv Boots 

Baker requires the use of safety boots by Baker employees when splash or spark hazards (chemicals, 
molten materials) are present. This includes the following: 

. When working with corrosives, caustics, cutting oils, and petroleum products, neoprene 
or nitrile boots or similar are required to prevent penetration. 

. When working with electricity, special electrical hazard boots which are designed with no 
conductive materials other than the steel toe (which is properly insulated). 

4.0 HAND PROTECTION 

When protective hand wear is required for job performance, the gloves must fit well, are comfortable to 
wear, and are rated to guard against the particular hand hazards present. 

The following is a guide to the most common types of protective work gloves and the types of hazards 
they can guard against. 

4.1 Disnosable Gloves 

Disposable gloves used on Baker project sites are usually made of light-weight plastic and are used to 
help guard against mild irritants. 

4.2 Fabric Gloves 

Gloves made of cotton or fabric blends are generally used to improve grip when handling slippery 
objects. They can also help insulate hands from mild heat or cold. 

4.3 Leather Gloves 

These gloves are used to guard against injuries from sparks or scraping against rough surfaces. They are 
also used in combination with an insulated liner when working with electricity. 
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4.4 Metal Mesh Gloves 

These gloves are used to protect hands from accidental cuts and scratches. They are used most 
commonly by persons working with cutting tools or other sharp instruments. 

4.6 ChemicaI Resistance Gloves 

These gloves may be made of rubber, neoprene, polyvinyl alcohol, vinyl, or a variety of other material. 
The gloves protect hands from chemical exposure such as, corrosives, oils, and solvents. When 
selecting chemical resistant gloves, the manufacturers’ recommendations should be consulted. 

5.0 DERMAL PROTECTION 

The following is a brief description of a few types of protective clothing and the types of hazards they 
can guard against. This list is not inclusive, there are numerous types and styles of possible protective 
coveralls designed to offer various degrees of protection. 

5.1 Tyvex Coveralls 

Tyvex coveralls are inexpensive, disposable spun-bonded, nonwoven polyethylene fiber jumpsuits 
produced by DuPont. Tyvex provides reasonable tear, puncture, and abrasion resistance protection and 
excellent protection against particulate contaminants. However, it offers little protection against 
hazardous liquid or vapor contaminants. 

5.2 Saranex Coveralls 

While more expensive than Tyvex, Saranex coveralls provide a greater level of protection against both 
physical and chemical contaminants 

5.3 Polyethylene coated Tyvex Coveralls 

When used as a coating on polyolefin material such as Tyvex, polyethylene increases resistance to acids, 
bases, and salts. 
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BLOODBORNE PATHOGENS PROGRAM 

1.0 INTRODUCTION 

The purpose of the Occupational Safety and Health Administration (OSHA) Bloodborne Pathogens 
Standard, Title 29 CFR Part 1910.1030, is to protect workers from bloodborne pathogens such as 
the human immunodeficiency virus (HIV) and hepatitis B virus (HBV) by reducing or eliminating 
workers’ exposure to blood and other potentially infectious materials. Although HIV and HLBV are 

specifically mentioned by OSHA, the standard includes any bloodborne pathogen, such as Hiepatitis 
C, malaria, and syphilis. The standard requires the employer to develop a written exposure control 
plan that will reduce or eliminate employee exposure, thus reducing their risk of infection. 

1.1 Purnose 

The purpose of the Baker Environmental (Baker) exposure control plan is to minimize the po.ssibility 
of transmission of bloodborne pathogens in the workplace and protect employees. This is 
accomplished by: 

1.1 Reducing potential exposure 

2.1 Establishing procedures for the safe handling of first-aid, injury, and/or illness 
incidents that may expose personnel to blood or other potentially infectious materials 

3.) Establishing a means of providing post-exposure evaluation if an exposure incident 
occurs 

1.2 Definitions 

Bloodbome Pathogens - Pathogenic microorganisms that may be present in human blood,, having 
the potential to cause disease in humans. Two examples of bloodborne pathogens include, (HIV) 
and (HBV). 

Contaminated - Means the presence or the reasonably anticipated presence of blood or other 
potentially infectious materials on an item or surface. 

Decontamination - Physically or chemically removing, inactivating, or destroying bloodborne 
pathogens on a surface or item to the point where they are no longer capable of tram;mitting 
infectious particles, so that the surface or item is rendered safe for handling, use, or disposal. 

Exposure Incident - A specific eye, mouth, other mucous membrane, non- intact skin, or parenteral 
contact with blood or other potentially infectious materials that result from the performance of an 
employee’s duties. 

Occupational Exuosure - Reasonably anticipated skin., eye, mouth, mucous membrane, or parenteral 
contact with blood or other potentially infectious materials that may result from the performance of 
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an employee’s duties. 

Other Potentiallv Infectious Materials - Includes the following human body fluids: semen, vaginal 
secretions, cerebrospinal fluid, synovial fluid, pleural fluid, pericardial fluid, peritoneal fluid, 
amniotic fluid, saliva in dental procedures, any body fluid that is visibly contaminated with blood, ” 
and all body fluids in situations where it is difficult or impossible to differentiate between body 
fluids; any unfixed tissue or organ (other than intact skin) from a human; and HIV-containing cell 
or tissue cultures, organ cultures, and HIV- or HBV- containing culture medium or other sollutions; 
and blood, organs, or other tissues from experimental animals infected with HIV or HBV. 

Parenteral - Piercing of the mucous membranes or the skin barrier through such events as human 
bites, cuts, and abrasions. 

Regulated Waste - OSHA defines a regulated waste as a liquid or semi-liquid blood or other 
potentially infectious materials; contaminated items that would release blood or other potentially 
infectious materials in a liquid state if compressed; items caked with dried blood or other potentially 
infectious materials that are capable of release of these materials during handling; contaminated 
sharps; and pathological and microbiological wastes containing blood or other potentially infectious 
materials. 

2.0 SCOPE 

Baker personnel who may be exposed to blood or other potentially infectious materials as part of 
their job duties (e.g., those certified in Standard First Aid) are required to follow the guidelines set 
forth in this procedure. The exposure control plan will be reviewed and updated at least annually, 
to reflect new or modified tasks and procedures that affect occupational exposure, and to refl.ect new 
or revised employee positions with occupational exposure. 

3.0 RESPONSIBILITY 

This program includes the responsibilities of the Baker Health and Safety Coordinator, Project 
Manager, Site Manager, Site Health and Safety Officer, and employees. The responsibilities of these 
individuals are presented in the Responsibilities section of this manual. In addition to the standard 
responsibilities for these individuals, there are requirements specific to this program and are outlined 
below. 

3.1 Health and Safetv Coordinator 

The HSC is also responsible for performing the activities outlined in the Baker Incident Reporting 
and Investigation Program. 

3.2 Proiect Manaper/Site Manaper 

The delegated responsibilities of the Project Manager to the Site Manager include: 

. Determining if an exposure incident occurs 
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. Notifying EMR and setting-up a post-evaluation appointment 

. Completing the Baker Incident Investigation Form 

. . Notifying the Project Manager and the HSM or HSC if an exposure incident occurs 

4.0 PROCEDURES FOR EXPOSURE TO BLOODBORNE PATHOGENS 

The sections below will discuss the means by which Baker personnel can determine exposure 
potential, modes of transmission, methods of compliance, medical monitoring, and post exposure 
procedures. 

4.1 Exposure Determination 

The exposure determination is based upon the job classifications with occupational exposure 
potential, and the activities in which these exposures can occur, as follows. 

Job Classifications 

. Site Manager/Site Safety and Health Officer 

. Environmental Scientists 

. Geologists 

. Other Baker Field Personnel 

Exposure Activities 

. Response to first-aid, injury, and/or illness incidents involving site personnel 

. Decontamination of personnel, personal protective equipment, work surfaces, and 
equipment potentially exposed to blood or other potentially infectious materials 

4.2 Modes of Virus Transmission in the Worblace 

Modes of virus transmission are similar for the viruses of concern. Primarily, virus transmission 
occurs as the result of direct blood contact from contact with an open wound, non-intact skin (e.g., 
chapped, abraded, or dermatitis), or mucous membranes to blood, blood-contaminated body fluids, 
or concentrated virus. Protective measures for workers will focus on preventing exposure to blood 
and other body fluids that can result from an injury or sudden illness. 

4.3 Methods of Compliance 

4.3.1 Universal Precautions 

The unpredictable and emergent nature of exposures likely to be encountered on a site may make 
identification between hazardous body fluids and those that are not hazardous difficult. Thus, all 
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employees will observe “Universal Precautions” to prevent contact with blood or other potentially 
infectious materials. These “Universal Precautions” stress that all blood or other potentially 
infectious materials will be treated as if they are infectious. 
The universal precautions will include: 

(1) Cover the skin, especially open cuts, scrapes, skin rashes, or other broken skin. 

(2) Don’t touch objects that could be contaminated, such as blood-covered surfaces, 
clothing or linens. 

(3) Cover mucous membranes (i.e., mouth, nose, and eyes). 

(4) Clean and decontaminate surfaces, containers, and equipment that may have been 
exposed to blood or other body fluids. 

4.3.2 Standard Work Practices 

Standard work practices are to be implemented at all times by all employees who may be exposed 
to blood or other potentially infectious materials. Work practices are defined as specific pol.icies or 
procedures whose purpose is to reduce the potential for employee exposure to bloodborne pathogens. 
Work practices for use by site personnel are described in the balance of this section. 

Personal Hwiene 

All exposed employees will observe the following hygienic practices: 

. During or immediately after exposure to blood or other potentially infectious 
materials: do not eat, drink, chew gum, chew tobacco, smoke, apply cosmetic:s, balms 
or medications, or any other activity that increases the potential for hand- to-- mouth, 
mucous membrane, or skin contact. 

. Following exposure to blood or other potentially infectious materials, personnel will 
wash their hands and any other exposed skin with a disinfectant soap and water after 
removal of chemical- protective gloves or other personal protective equipment (PPE). 
This will be performed before eating, urinating, defecating, applying makeup, 
smoking or undertaking any activity that may result in increased potential for hand 
to mouth, mucous membrane, or skin contact. 

Personal Protective Eaubment 

Appropriate PPE protects site personnel from exposure to blood and other potentially infectious 
materials. Appropriate PPE will be made available to all site personnel. 

The PPE will be present in the site trailer and field vehicles. The PPE should be used in accordance 
with the level of exposure encountered. Minor lacerations or small amounts of blood do not merit 
the same extent of PPE use as required for massive arterial bleeding. Management of the patient 
who is not bleeding, and has no bloody body fluids, should not routinely require the use of PPE. 
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The following PPE will be present in each Baker Field Vehicle and/or the Baker Site Trailer: 

1. Disposable chemical-protective gloves (such as, nitrile or latex) 
2. Resuscitation equipment* 
3. Safety glasses or goggles 

* Resuscitation Equipment - Because the risk of salivary transmission of infectious disease 
during artificial ventilation of trauma victims, pocket mouth- to- mouth resuscitation masks 
will be present in the first aid kits. The pocket mouth-to-mouth resuscitation masks are 
designed to isolate response personnel from contact with the victims’ blood and 
blood- contaminated saliva, respiratory secretions, and vomitus. 

Decontamination procedures will follow those outlined in each site HASP. 

Trainiw and Education 

All employees with the potential for occupational exposure will receive initial training on the safe 
handling of first-aid, injury, or illness incidents during first-aid/CPR Instruction, and subse.quently 
during HASP briefings. 

4.4 Medical Monitorin 

All Baker personnel will follow the medical monitoring guidelines established by Baker’s Board 
Certified Occupational Health Physician in association with EMR, Inc. Also, refer to Baker’s 
Medical Surveillance Program, located within the Baker Health and Safety Programs and Procedures 
Manual. 

4.5 Post-Exnosure Procedures and Follow-UD Manapement 

The following subsections present the procedures to follow when a first-aid, injury, or illness 
incident occurs involving the presence of blood or other potentially infectious material; speci fit steps 
need to be taken to safeguard the health of Baker site personnel. 

Incident Report 

If there is a reasonable cause to believe that a potential exposure to blood or other potentially 
infectious material has been experienced, the employee must complete the steps listed below. These 
steps are required when non-HBV vaccinated first aid responders participate and regardless of 
whether an actual “exposure incident” occurred. 

1. Immediately notify the Site Manager and/or SHSO. The Site Manager and/or SHSO 
will determine whether an “exposure incident” occurred. 

2. Wash area of contamination and remove contaminated clothing to ensure that no 
further contamination will occur. 

3. Assist with the completion of the Baker Incident Report Form. 
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Baker employees who render first aid where blood or other potentially infectious materials are 

present must be seen by a designated EMR physician within 24 hours (or as-soon-as-possible) of the 
incident. The employee must take a copy of the Supervisors Incident Report Form and a copy of 
OSHA Standard 1910.1030 to the physician. EMR can be notified as follows: 

EMR phone number l-800-229-3674 
Baker’s EMR Client Service Representative - Marilyn McDonald Brooks ext., 440 
or follow recorded message procedure if after hours. 

Employees who respond to first aid incidents involving the presence of blood or other potentially 
infectious materials where the determination was made that an “exposure incident” occurred, have, 
according to OSHA regulation, at least 90 days following baseline blood level collection to decide 
if they wish to have their blood tested for HIV. 

The confidential medical evaluation and follow- up will include: 

1. The circumstances of the exposure. 

2. If consent has been obtained, testing of the source individual’s blood to determine 
HIV and/or HBV infectivity. If consent is not obtained, it will be documented in 
writing. 

3. If consent has been obtained, the exposed employee’s blood will be tested. 

4. Availability of the hepatitis B vaccine and vaccination series. 

The occupational health physician will provide the employer with a confidential written opinion that 
includes verification that the employee has been informed of the results of the evaluation and 
recommendation for further evaluation or treatment. A copy of this written opinion will be provided 
within 15 days following the medical evaluation. 

5.0 REFERENCES 

OSHA Title 29 CFR Part 1910.1030 

U.S. Department of Labor, U.S. Department of Health and Human Services. Joint Advisory Notice: 
protection against occupational exposure to Hepatitis B virus and human imrnunodeficiency virus. 
Federal Register 1987; 52:41818-24. 

Centers for Disease Control. Update on hepatitis B prevention. MMWR 1987; 36:353-360,366. 

Centers for Disease Control. Update: Acquired immunodeficiency syndrome and human 
immunodeficiency virus infection among health-care workers. MMWR 1988; 37:229-34,239. 

OSHA Instruction CPL 2-2.44, February 13,1992, Enforcement Procedures for the Occupational 
Exposure to Bloodborne Pathogens Standard. 
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HEAT STRESS PREVENTION PROGRAM 

1.0 INTRODUCTION 

Heat stress is a result of the total heat load exceeding the bodies capacities to maintain normal body fiutctions 

without excessive strain. In the environmental industry the threat is often accompanied by protective 

clothing decreasing natural body ventilation. if the body’s physiological processes fail to maintain a normal 

body temperature because of excessive heat, a number of physiological reactions can occur, rangmg from 

mild (such as fatigue, irritability, anxiety, and decreased concentration, dexterity, or movement) to fatal. 

2.0 SCOPE 

This Heat Stress Prevention Program is designed to protect field site employees through regular monitoring 

and preventive measures. This program present the minimum limits of implementation requiremients and 

also provides an informative reference to recognize, avoid, and treat various forms of heat stress. This is 

accomplished through the following provisions: 

l Causes and Symptoms 

0 Prevention 

0 Avoidance Monitoring 

0 Caring for Heat-Related Illness 

3.0 RESPONSIBILITIES 

This section will outline the responsibilities of Baker site employees, Project Managers, and Site 

Managers/Field Team Leaders in regards to implementing this program. 

3.1 Project ManaperlSite ManaFer/Field Team Leader 

Project Managers/Site Managers or Field Team Leaders are responsible for the implementation of this Heat 

Stress Prevention Program for all projects involving site personnel. The individuals will direct site personnel 

to follow the appropriate procedure provided in the Health and Safety Plan or as determined as :necessary 

based on site and environmental conditions. 
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3.2 Site HeaIth and Safetv Offker (SHSO) 

The SHSO is responsible for evaluating work tasks and environmental conditions at a field site during the 

entire duration of the field program- The SHSO will provide the necessary precautions to implement . 

specific site requirements, determine appropriate measures, discuss with the Site Manager and Field Team 

Leader or contact the Project Manager for assistance. 

3.3 Site EmDlovee 

It is the employee’s responsibility to take proper preventative precautions to avoid a heat stress situation 

(such as, adequate fluid intake and appropriate rest cycles, monitoring fellow employees and/or following 

the avoidance monitoring requirements initiated at a specific site. The employee is also responsible to be 

aware of heat stress conditions and actions as outlined in the 40-hour Occupational Safety and Health 

hazardous waste worker training. 

4.0 PROCEDURES 

A prevention and monitoring action will be implemented for Baker employees when the temperature at a site 

is above 70°F (21 “C) . The method used will be determined by the Project Manager with assistance from 

a Baker health and safety professional and will be included in the site HASP. This method can be evaluated 

based on monitoring results and adjusted as pertinent. 

The following procedures can be used as a guide of heat stress prevention methods. The particular 

prevention action at a site should be evaluated based on site and environmental conditions in conjunction 

with work tasks involved. 

4.1 SiPns. SvmDtoms, and Conditions 

The following heat stress causes and symptoms are provided for buddy monitoring purposes. Site personnel 

must realize that monitoring the physical condition of fellow personnel in Levels D+ through B protective 

ensembles will be more difficult. 
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1. Heat rash results from continuous exposure to heat or humid air and chafing clothes. The 

condition decreases the ability to tolerate heat. Symptoms include a mild red rash. 

2. . Heat cramps are caused by heavy sweating and inadequate fluid intake. Symptoms include 

muscle spasms and pain in the hands, feet, and abdomen- 

3. Heat exhaustion occurs when body organs attempt to keep the body cool, due to inadequate 

fluid intake and personnel not acclimated to the environment. Symptoms include pale, cool, 

moist skin; heavy sweating; dizziness, headaches, disorientation, abnormal behavior, and 

vomiting. 

4. Heat stroke is the most serious form of heat stress. It is a MEDICAL Eh4ERGENCY. 

Symptoms are red, hot, dry skin; lack of perspiration; nausea; dizziness and confusion; 

strong, rapid pulse rate; and coma. 

. The need to seek medical attention and the urgency in seeking medical attention depends on the symptoms 

and the severity of the symptoms displayed by the affected individual. If heat stroke is noted or suspected, 

medical attention must be sought IMh4EDIATELY. Efforts should be taken to cool the body to prevent 

serious injury or death. 

4.2 Cariw For Heat-Related Illness 

To care for heat-related illness provide the following: 

a Remove victim from heat. 

0 Loosen tight clothing. 

0 &ply cool, wet cloths to the skin. 

0 Fan the victim. 

0 If victim is conscious, give cool water to drink. 

l Call for an ambulance or transport to hospital if heat stroke is suspected, victim refuses 
water, vomits, or starts to lose consciousness. 
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4.3 Prevention 

Because heat stress is a common and potentially serious illnesses at environmental sites, regular m~onitoring 

and other preventive measures are vital. Site workers must learn to recognize and treat the various forms . 

of heat stress. The best approach is preventive heat stress management. In general: 

l Monitor for signs of heat stress. 

l Fluid intake should be increased during rest schedules to prevent dehydration. Drinking 

cool water (maintained at 50 to 60°F) is satisfactory when light sweating ocxxus and 

temperatures are moderate to cool; however, diluted electrolyte solutions (i.e., Gatorade, 

Sqwincher, or equivalent) must be used in addition to water under one or all of the following 

conditions: continued or heavy sweating, moderate to high ambient temperatures, or heavy 

work loads. The intake of coffee during working hours is discouraged. 

0 Acclimate workers to site work conditions by slowly increasing workloads (i.e., do not 

begin site work activities with extremely demanding activities). 

0 Use cooling devices to aid natural body ventilation. These devices, however, add weight 

and their use should be balanced against worker efficiency. An example of a cooling aid 

is a cooling vest that can be worn under protective clothing, but not against the skin. 

0 In extremely hot weather, conduct field activities in the early morning and evening. 

0 Ensure that adequate shelter is available to protect personnel against heat that can decrease 

physical efficiency and increase the threat of heat stress. If possible, set up the command 

post in a shaded area, and encourage breaks in shaded areas. 

l In hot weather, rotate shifts of workers wearing impervious clothing. 

l Good hygienic standards must be maintained by frequent changes of clothing and 

showering. Clothing should be permitted to dry during rest periods. Persons who notice 

skin problems should immediately consult the SHSO. 
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l Develop a suitable work/rest schedule. 

4.4 Avoidance MonitorhE 

Provisions for monitoring for heat stress will be determined by the SHSO and performed as outlined below. 

Because the incidence of heat stress depends on a variety of factors, all workers, even those not wearing 

protective equipment, should be monitored. 

4.4.1 Permeable Clothing Monitoring 

For workers wearing permeable clothing (e.g., standard cotton or synthetic work clothes), the fol:lowing is 

a guideline to prevent heat stress situations: 

I. Increased awareness of heat stress symptoms and use buddy system to monitor for signs, 

symptoms, and conditions outlined in Section 4.1. 

2. Fluid intake discipline. 

3. Self monitoring of fluid input vs output. 

4. Attention to work- rest intervals. 

Special Considerations 

0 Acclimatization - After approximately one to two weeks, workers should be acclimated to 

their environment. 

a Fitness - Physically fit workers will adjust more readily to a change in environment. 

0 Medication - Some medications can predispose individuals to heat- induced illnesses. 
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4.4.2 SemipermeabIe/Impermeable Clothing Monitoring 

Baker employees wearing semipermeable or impermeable clothing encapsulating ensembles will be 

monitored when the temperature in the work area is above 70°F (21°C). The method used1 will be . 

determined by the Project Manager with assistance from a Baker Health and Safety Professional. This 

method can be evaluated based on monitoring results and adjusted as appropriate. 

Conduct initial monitoring.for heat stress at the start of a project. If conditions remain similar and levels 

are below the criteria described below in heart rate and oral temperature presented below then use one or 

more of the items described in Section 4.3.1: 

0 Heart rate. Count the radial pulse during a 30-second period as early as possible in the rest 

period. 

b If the heart rate exceeds 110 beats per minute at the beginning of the rest period, 

shorten the next work cycle by one-third and keep the rest period the same. 

ä If the heart rate still exceeds 110 beats per minute at the next rest period, shorten 

the following work cycle by one-third. 

0 Oral temperature. Use a clinical thermometer (3 minutes under the tongue) or similar 

device to measure the oral temperature at the end of the work period (before drinking). 

b If oral temperature exceeds 99.6”F (37.6”C), shorten the next work cycle by 

one-third without changing the rest period. 

ä If oral temperatures still exceeds 99.6 OF (3 7.6 “C) at the beginning of the: next rest 

period, shorten the following work cycle by one-third. 

t Do not permit a worker to wear a semipermeable or impermeable garment when 

his/her oral temperature exceeds 100.6”F (38.l”C). 
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l Body water loss. Measure weight on a scale at the beginning and end of each work day to 

see if enough fluids are being taken to prevent dehydration. Weights should be taken while 

the employee wears similar clothing or preferably in underwear only. The body water loss 

should not exceed 1.5 percent total body weight loss in a work day. 

Initially, the frequency of physiological monitoring depends on the air temperature adjusted for solar 

radiation and the level of physical work. The length of work cycle will be governed by the frequency of the 

required physiological monitoring. 

5.0 REFERENCES 

1. American Conference of Governmental Hygienists, 1995 - 1996 Threshold Limit Values for 

Chemical Substances and Physical Agents 

2. National Institute for Occupational Safety and Health, Occupational Exposure to Hot Environments, 

1986 

3. American Red Cross, Community First -Aid and Safety, 1993 
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COLD STRESS 

1.0 INTRODUCTION 

The potential exists for either frostbite or hypothermia to occur when conducting work 
activities in an environment where air temperatures may fall below freezing or where 
wind-chill factors lower air temperatures below freezing. A brief description of the 
exposure symptoms (for both hypothermia and frostbite) and methods of prevention are listed 
in the sections below: 

2.0 SCOPE 

This Cold Stress Prevention Program is designed to protect field site employees lthrough 
regular monitoring and preventive measures. This program present the minimum limits of 
implementation requirements and also provides an informative reference to recognize, avoid, 
and treat various forms of cold stress. This is accomplished through the following 
provisions: 

. Causes and Symptoms 

. Prevention 

. Avoidance Monitoring 

. Caring for Cold- Related Illness 

3.0 RESPONSIBILITIES 

This program includes the responsibilities of Baker site employees, Project Managers, and 
Site Managers/Field Team Leaders in regards to implementing this program. The 
responsibilities of these individuals are presented in the Responsibilities section of this 
manual. 

4.0 CAUSES AND SYMPTOMS 

The following cold stress causes and symptoms are provided for buddy monitoring purposes. 
Site personnel must realize that monitoring the physical condition of fellow personnel in 
Levels D+ through B protective ensembles will be more difficult. 

4.1 Frostbite 

Frostbite is a condition in which there is a freezing or partial freezing of some part of the 
body. Individuals previously exposed to frostbite are more susceptible to contracting it 
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again. Vasoconstrictors, which include tobacco products and caffeine, constrict blood 
vessels, and can accelerate frostbite. The three stages of frostbite include: (1) frostnip- the 
beginnings of frostbite whereby the skin begins to turn white; (2) superficial - si;milar to _ . 
frostnip except the skin begins to turn numb; and (3) deep - the affected area is frozen to the 
bone, cold, numb, and very hard. 

4.2 Hypothermia 

Hypothermia is a condition in which the body loses heat faster than it is produced. At a body 
temperature of 95 “F, an average man is considered to be hypothermia. Vasodilators, which 
include alcohol and drugs, allow the body to lose heat faster which can accelerate 
hypothermia. The five stages of hypothermia include: 

(1) 
(2) 
(3) 
(4) 
(5) 

shivering 
apathy, listlessness, or sleepiness 
unconsciousness, glassy stare, slow pulse or slow respiratory rate 
freezing of the extremities 
death 

5.0 PROCEDURES 

5.1 Prevention 

To prevent conditions from occurring have personnel: 

. Dress in a minimum of three layers: 

(1) a skin layer to absorb moisture and keep skin dry 

(2) an insulating layer 
(3) an outer layer of nylon/wind-breaking material or 

chemical-protective layer 

. Avoid touching cold surfaces (especially metal) with bare skin, minimize 
exposed skin surfaces. 

. Keep active, use warm and dry shelter areas during rest cycles; use wind 
breaks whenever possible. 

. Maintain body fluids by consuming warm, sweet, caffeine-free, non-alcoholic 
drinks. 
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Avoid alcohol and medications that interfere with normal body regulation or 
reduce tolerance to cold. 

5.2 Carinp for Cold-Related Illness 

The need to seek medical attention and the urgency in seeking medical attention depends on 
the symptoms and the severity of the symptoms displayed by the affected individual. If the 
latent conditions of hypothermia or frostbite are noted or suspected, medical attenti’on must 
be sought IMMEDIATELY to prevent permanent injury or death. 

The following lists the general guidelines to care for cold-related injuries: 

. Start by treating any life-threatening problems. 

. Call the local emergency number for help or transport the victim to the 
nearest hospital. 

. Move the victim to a warm place, if possible. 

. Remove any wet clothing and dry the victim. 

. Warm the victim slowly by wrapping in blankets or putting on dry c,lothing. 
DO NOT: 

. Rub the frostbitten part. 

. Use ice, snow, or anything cold on the frostbitten area. 

. Use heat lamps or hot water bottles to rewarm the frostbitten area. 

. Place the frostbitten area near a hot stove. 

5.3 Monitorin 

In cold weather, monitor the outdoor temperature and wind speed to determine wind chill 
conditions, with work periods adjusted accordingly. The following table details the wind 
chill effects and relative danger of combined cold and wind conditions. It is important to 
note that the wearing of PPE in cold environments may introduce the possibility of heat 
stress; therefore, symptoms of heat stress should also be considered during monitoring. 



WIND CHILL INDEX”’ 

Wind Speed 

(in mph) 
calm 

5 

10 

15 

20 

25 

30 

35 

40 
Over 40 mph (little LITTLE DANGER 
added effect) ~ (for properly clothed person) 

Actual Thermomefer Reading (“F) 
50 40 30 20 10 0 -10 -20 -30 -40 

Equivalent Chill Tempera&t-e (“F) 
50 40 30 20 10 0 

48 37 27 16 6 -5 

40 28 16 4 -9 

36 22 9 -5 

32 18 4 -10 

30 16 0 -15 

28 13 -2 -18 

27 11 -4 -20 

26 10 -6 -21 

-33 -48 -63 -79 -94 -109 

-35 -49 -67 -82 -98 -113 

-37 -53 -69 -85 -100 .-116 

INCREASING GREAT DANGER 
DANGER (Danger fro!m freezing 
(Danger from freezing of exposed flesh) 
of exposed flesh) 

(‘I Source: Fundamentals of Industrial Hygiene, Third Edition. Piog, B.A., G. S. Benjamin, M. A. 
Kerwin, National Safety Council, 1988. 
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Acetone (CH&OCH$ Description 
catalyst, the oxidation of cumene, the vapor phase oxidation of butane; and as a by-product of synthetic glycerol production. 
Used as a solvent for paint, varnish, lacquer, fat, oil, wax, resin, rubber, plastic, and rubber cement to clean and dry parts of 
precision equipment; in the manufacture of chemicals (methyl isobutyl ketone, methyl isobutyl carbiiol, methyl methacry- 
late, bisphenol-A, acetic acid (ketene process), mesityl oxide, diacetone alcohol, chloroform. iodofoxm, bromoform), 
explosives. aeroplane do- rayon, photographic films, isoprene; acetylene gas storage cylinders; in purifying paraffin; in 
nail polish remover; in the extraction of various principles from animal and plant substances; in hardening and dehydrating 

absorption 

tissues; in cellulose acetate (especially as spinning solvent); as a solvent for potassium iodi& and permanganate; as a 
delusterant for cellulose acetate fibers; in the specification testing of vulcanized rubber products. 

FT 

Other Deslgnatlons: CAS No. 67-64-1, AI3-01238. Chevron acetone, dimethylformaldehyde. dimethylketal, dimethyl i i 
ketone, &ketopxopane. methyl ketone, propanone, 2-propanone, py-roacetic acid, pyroacctic ether. PPE* 
Manufacturer: Contact your supplier or distributor. Consult latest Chemicul Week Buyers’ Guid@) for a suppliers list *sec.8 
Cautions: Acetone vapor is a dangerous fire and explosion hazard. High vapor concentrations may produce narcosis (unconsciousness). 
Prolonged or repeated skin contact causes dryness, irritation, and mild dermatitis. 
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Acetone, 99.5% plus 0.5% water 

1991 OSHA PELs * 1992-93 ACGIH TLVs 
8-hr TWA: 750 ppm (1800 mg/m3) TWA: 750 ppm (1780 mg/m3) 

1985-86 Toxlclty Data t 

15&n STBL: 1000 ppm (2400 mg/m3) STEL: 1000 ppm (2380 mg/m3) 
Human, eye: 500 ppm 

1990 IDLH Level 1990 DFG (Germany) MAK 
Human. inhalation, TC$500 ppm produced olfaction 

2o.ooo ppm loo0 ppm (2400 mglm3) 
effects, conjunctival irritation, and other changes 

1990 NIOSH REL Category N: Substances eliciting very weak 
involving the lungs, thorax. or respiration. 

TWA 250 ppm’(590 mg/m3) effects (MAK >500 mUm3) 
Rst. oral, LD,: 5800 mg/kg altered sleep time and 

Peak- 2000 ppm. 60 min. momentary value?, 
produced tremors. 

3 peaks/shift 
Mammal, inhalation, TC,: 31500 pg/m3/24 hr 

administered to pregnant female from the 1st to 13th 
* In the ce.llulose acetate. fiber industry, enforcement of the OSHA TWA for “doffers” was stayed on 

9/5/s9 until 9/l/90; the OSHA STEL does not apply to that industry. 
day of gestation produced effects on fertility 

t Momentary value is a level which the concenuation should never exceed. 
(post-implantation mortality). 

$ See NIOSH. RTECS (AL3150000). for additional irritation. mutation. reproductive, and toxicity data. 
..,., . . . . .,.....,. . . . . . . . . . . .._.... 
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Boillng Point: 133.2.-F (56.2 l C) at 760 mm Hg 
Freezing Point: -139.6 ‘F (-95.35 ‘C) 

Molecular Weight: 58.08 

Vapor Pressure: 180 mm Hg at 68 ‘F (20 ‘Cc). 400 mm Hg at 103.1 ‘F (39.5 l C) 
Speclfk Gravity: 0.7899 at 20 ‘C/4 ‘C 

Saturated Vapor Density (Air = 1.2 k&n5, 0.075 lb/fp): 1.48 kglm3, .093 lb/ft3 
Water Solubility: Soluble 

Refractive Index: 1.3588 at 20 l C 
Other SulubUities: Alcohol, benzene. dimethyl formamide. 

chloroform, ether, and most oils. 
Appearance and Odor: Colorless, highly volatile liquid; sweetish odor. Odor Threshold: 47.5 mg/m3 (low), 1613.9 mg/m3 (high)* 
* Odor thresholds recorded as a range from the lowest to the highest conccntraticm. 

i: s~~~~~~~~~~~~~~~~~~~~~~~:~~~~ :iB”:z .;l~:i::;i~~:~~~~~~~~~~~~~~~~~~~~~~~~~~:~~ ~,s3.j. ~~:jl:.r~~,.~~~~~~ ;i;::y..$ ‘~~:,l~~~: ; :y.‘.i ::‘ii .‘j j i .;:.;; j :, ’ 
., ::.:: :..:..:.:.::-.:.:.:..:.:..:.:.:.~:.:.-.:.-.::.:::::-j .:., .:‘..:.:.:. .,.,.. :.: :.:.:. .: .:...: ,..... . . . . . . . -.. . . . . . . . . . .., .., ,...:. ,...,.. ,..- . . . . . . . . . . . . . . . . . . . . . . . . . ../. . . . . .\ . . . /...:: . . . . . . . . . . . . . . . . . . . . . . . . . .., . . .>.. .: :...:.:.:...:.:.:..:. .:.:. .: ,.: ..,,,,: ,,,, ..,.::I XL.: ..:. . . . . ..:....-.,.:‘:::.::.:::.:.:.:.:, ,:.:;:. . ., . ..>:..:::: . . . . : . . . . . . :. : : 
Flash Point: 0 ‘F (-18 ‘C). CC 1 Autolgnltlon Temperature: 869 ‘F (465 l C) 1 LEL: 2.6% v/v 1 UEL: 12.8% v/v 
Extlnguishlng Media: Do rwt extinguish fire unless flow can be stopped. For small fii. use dry chemical carbon dioxide (COJ water spray or 
alcohol-resistant foam. For lar e fires. use water spray, fog, or alcohol-resistant foam. Use water in flooding quantities as fog because solid streams 
may be ineffective. Unusual I& e or Explosion Hazards: Acetone is a dangerous fire and explosion hazard; It is a Class IB flammable liquid. 
Vapors may travel to a source of ignition and flash back, f&exposed containers may explode, and a vapor explosion hazard may exist indoors, 
outdoors. or in sewers. Special F¶re-flghtlng Procedures: Because fire may produce toxic thermal decomposition produa~ wear a self-a~tained 
breathing apparatus (SCBA) with a full facepiece ated 
provides limited protection. If feasible. remove all x 

in pressure-demand or positive-pressure mode. Structural firefighters’ protective clothing 
-exposed containers. Otherv&e, apply cooling water to sides of containers until well after fue 

is extinguished. If the fire becomes uncontrollable or container is exposed to direct flame. consider evacuation of a one-third mile radius. In csse of 
rising sound from venting safety device or any discoloration of tank during fire, withdraw immediately. For massive cargo fires. use unmanned 
hose holder or monitor nozzles. Do not release runoff from fire control methods to sewers or waterways. 

SBC:fOIBij:::“‘:~~~,~~~~~~~IiI-3 
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m temperature in closed containers un&r normal storage and handling conditions Hazardous 
pplyme$zation cannot occur. Chemical Incompatlbllltles: Acetone may form explosive mixtures with hydrogen peroxide, acetic a&i, nitric acid, 
mtnc aced + sulfuric acid, chromic anhydride, chromyl chloride, nitrosyl chloride, hexachloromelamme, nitrosyl perchlorate, nitryl perchlorate, 
pe.rmonosulfuric acid, thiodiglycol + hydrogen peroxide. Acetone reacts vigorously with oxidizing materials and ignites on contact with activated 
carbon, chromium trioxide, dioxygen difluoride + carbon dioxid% and potassiumart-but. Other incompatibles include air bromoform, 
bromine, chloroform + alkalies, trichloromelamine, and sulfur dichloride. Conditions to Avoid: Keep acetone away i?om pla&c eyeglass frames, 
jewelry. pens. pencils, and rayon garments. Hazardous Products of Decomposition: Thermal oxidative decomposition of acetone can produce 
CO, and carbou monoxide (co>. 

Carclnogenlcity: The IARC,(‘@ NTP.(‘@) and OSHA(‘64) d o not list acetone as a carcinoaen. Summarv of Risks: Acetone has been placed 
amon s&entsbf comparatively low acute and chronic toxicities. In industj, the most &mmon effect&&ported & &$&&&om prolonged 
vapor mhalation and skm irritation resulting from its defatting action. Exposures to less than loo0 ppm acetone vapor p~lu~ only slight eye, 
nose. and throat irritation. Acetone does not have sufficient warning 
i.e., above 2000 ppm. Concentrations above 12ooo ppm cause loss 0 

perties 
p” 

to prevent repeated exposures. It is narcotic at high concentrations, 
consciousness. . C~inue on luu page 



No. 300 Acetone 9% 

I. 1 OSHA De&nations 
Listed as anxir Contaminant (29 CFR 1910.1000, Table 2-l-A) 
S&ion 8,’ Sp&&l prot&i& Dak : .’ ; [. .. .. ; .. : ’ .: I, j ;‘,: :..;i :I ;..!;: i f i-y: 

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye-.and face-protection regulations (29 CFR 1910.133) 

- 

systemi;: effeck by inhalation include eye, no& and throat ir&ation; nausea and vomiting; changes in EEG (&ctroencephalogram) and carbohy- 
drate metabolism; muscle weakness; drunken behavior, mental confusion and visual disturbance. In extreme cases, breathing high concentrations 
may produce coma Human systemic effects by ingestion include gastrointestinal irritation, kidney dam 
white blood cells in the urine), liver damage (indicated by high levels of urobilin and early appearance T *- 

e (often indicated by albumin and red and 
o bdmrbin). coma. metabolic changes, and 

systemic effects described for inhalation. Direct eye contact by liquid acetone may produce painful burning and stinging; watering of eyes; 
conjuctival inflammation; and eomeal injury. Skin contact produces a cold feeling. dryness, and mild irritation. 
Chronic Effects: Cases of chronic poisoning resulting from prolonged exposure to low concentrations of acetone are rare. Workers exposed to 
loo0 ppm, 3 hrs per day for 7-15 yrs. complained of dizziness, asthenia (lack or loss of strength), and ~hmnic inflammation of the airways, 
stomach, and duodenum. prolonged or repeated skin contact with liquid acetone may &fat the skin and cause eczematoid dermatitis. 
FIRSTAID 
Eyes: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediate1 
water until transported to an emergency medical facility. Consult a physician immediately. SWn: 

and continuously with flooding iamounts of 
da uzckly remove contaminated clothing. Rinse 

with flooding amounts of water for at least 15 min. Wash exposed area with soap and water. For reddened or blistered skin, consult a physician. 
Carefully dispose of contaminated clothing because it may pose a fiie hazard. Inhalation: Remove exposed person to fresh air. monitor for 
respiratory distress. and administer 100% humidified supplemental oxygen as needed. Ingestion: Never give anything by mouth to an unconsciou 
or convulsing person. Contact a poison control center. Unless the poison control center advises otherwise, have that conscious and dert person 
drink 1 to 2 glasses of water. then induce vomiting. After first aid, get appropriate in-plant, paramedic, or community medical support. 
Note to Physicians: In symptomatic patients. monitor serum and urine acetone, fluid intake, blood glucose, and arterial pH. Because of the 
prolonged elimination half-life of acetone, the symptomatic patient may need medical supervision for many hours (up to 30 hrs). Patients may 
develop hyperglycemia and ketosis mimicking: acute diabetic coma. The hyuer&cemia may pe&t for several days following. a&e exposure. 

IS 

Cleanup personnel should-protect against inhalation and skin-& eye contact. If feasible and w&out risk, stop leak. -Use water Gray to reduce vapor, 
but it may not prevent ignition in closed spaces. For small spills, take up with sand or other noncombustible absorbent material and using nonspark- 
ing tools, place into containers for later disposal. For large spills, dike far ahead of liquid spill for later disposal. Do not release to sewers or 
waterways. Follow applicable OSHA regulations (29 CFR 1910.120). Environmental Toxicity: LC, S&no guirdneri (rainbow trout): 5540 mg# 
96 hr at 54 l F (12 ‘C). KY (oral) Ring-necked pheasant ~0,000 ppm. Environmental Degradation: Acetone biodegrades when released into the 
environment. The biological oxygen demand for 5 days (BOD5) is 46-55%. Soil AbsorptionlMobility: Acetone volatilizes. leaches, and biode- 
grades if released on soil. Disposal: Acetone is a good candidate for fluidid bed, rotary kii incineration, or catalytic oxidation. Contact your 
supplier or a licensed contractor for &tailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations 
Listed as a RCRA Hazardous Waste (40 CFR 261.33): Hazardous Waste No. UOO2 (Ignitability). (40 CFR 261.31): FO03 (spent solv,ent) 
Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Quantity (RQ), 5000 lb (2270 kg) [* per Clean Water Act, Sec. 
311(bK44)1 

I 
. ,, .- 

SARA Extremely Hazardous Substance (40 CFR 355): Not listed 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 

_ - -- 
con&t lens use-in indusery ‘s bntroversial, establish your own policy. Respirator: Seek professional a&ice prio; to respirator selection and use. 
Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSHA/NIOSH-approved respirator. Select respirator based on its 
suitability to provide adequate worker protection for given working conditions, level of airborne contamination. and presence of sufficient oxygen. 
For concentrations < 1000 ppm, wear any chemical cartridge respirator with organic vapor cartridge(s) and wear eye protection to avoid irritation 
or damage. For concentrations ~6250 ppm, wear any supplied-air respirator operated in a continuous-flow mode. For concentrations c 12,500 ppm, 
wear any air-purifying. full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted organic vapor canister. For concentrations < 
20.000 ppm, wear any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure. mode. For 
emergency or nonroutine operations (cleaning spills, reactor vessels. or storage tanks), wear an SCBA. Warning! Air-purifying respirators do not 
profecf workers in oxygen-deficient atmospheres. If respirators are used, OSHA requires a written respiratory protection program that includes at 
least: medical certification, training, fit-testing. periodic environmental monitoring, maintenance, inspection, cleaning, and convenient, sanitary 
storage areas. Other: Wear chemically protective gloves, boots, aprons, and gauntlets to prevent prolonged or repeated skin contact. Polyethylene/ 
ethylene vinyl alcohol, Teflon. or butyl rubber with breakthrough times > 8 hr is recommended for PPE . Ventilation: Provide general and local 
exhaust ventilation systems to maintain airborne concentrations below OSHA PELs (Sec. 2). Local exhaust ventilation is preferred because it 
prevents contaminant dispersion into the work area by controlling it at its source. VW Safety Stations: Make available in the work area emergency 
eyewash stations, safety/quick-drench showers, and washing facilities. Contaminated Equipment: Separate contaminated work clothes from street 
clothes. Launder before reuse. Remove this material from your shoes and clean personal protective equipment. Comments: Never eat, drink, or 
smoke in work areas. Practice good personal hygiene after using this material, especially before eating, driimg. smoking. using the toiles or 
applying cosmetics. 
Section 9; Special Pr&utions 2nd Commghfi+ ., ., .. :. ,, ; ., f 1, ,I:. i ,,I. I,::; : .I..:‘:; ! .‘::.,jf:i:,;f.’ I:ic$-:,:$ :;.:i-:$?!~i.;<:j. :..I ““..“:;.:I-! ‘C ,.: 1 I: Y :; :::j ,: :: .:.:: :..::,. ..:i.:-: :. : ,: ,: :..:: ..,.:_ $-;:: .:.. .::z.:> 
Storage Requirements: Store in closed containers in a cool, dry well-ventilated area away from heat, sparks, flames. and &her incompatibles. 
Keep large stocks away from inhabited buildings. Use non-sparking tools to open containers. Keep dry chemical or COr extinguishnrs on hand in 
case of fire. Engineering Controls: To reduce potential health hazards. use sufficient dilution or local exhaust ventilstlon to control airborne 
contaminants and to maintain concentrations at the lowest practical level. To prevent static sparks, electrically ground and bond all containers and 
equipment during fluid transfer. For bulk storage rooms, install electrical equipment, Class I, Group D. Administrative Controls: Consider 
preplacement and periodic medical examinations with emphasis on the skin and respiratory tract. Also consider liver and kidney function tests and 
urinalysis. 
DOT Shippin 

Transportation Data (49 CFR 172.101) 
Name: Acetone 

DOT Hanrd % lass: 3 
Packagtng Authorizations Quantity Limitations Vessel Storage ‘Requirements 

ID No.: UN1090 
a) Exceptions: 173.150 a) Passenger, Aircraft, or Railcar: 5L Vessel Stowage: B 

DOT Packaging Group: II 
b) Non-bulk Packaging: 173.202 b) Cargo Aircraft Only: 60L Other: - 

DOT Label: Flammable Li uid 
c) Bulk Packaging: 173.242 

S~eciai Provisions (172.10 % 



Maferial Safeijl Data Sheets Collection: 
Genium Publishing Corporation 

1145 catalyn street Sheet No. 316 
Schenectady, NY 12303-1836 USA Benzene 

(518) 377-8854 
Revision: E. 

hutions: Benzene is 8 died ~WIWI carcinogen by the IARC. Chronk low-level aposwe may cause rzancer (le.uke?nia) cmd bone * sx- g 
narrow damage, with injury to blood-for&g ticsue. It is also a dangerous fire hazard when exposed to heat or flame. 

1989 OSHA PELs 
129 CFR 1910.1000. Table 2-l-A) 
bhr TWA: 1 ppm. 3 mg/m3 
LS-min STEL 5 ppm. 15 mg/m’ 

1989-90 ACGM 
TLV-TWA: 10 ppm, 32 mg/m’ 

129 CPR 1910.1ooO. Table Z-2) 1988 NIOSH RELs 
MUTWA: IOppm TWA: 0.1 ppm, 03 mg/m3 

1985-86 Toxkity Data# 
Man, oral, LD,: 50 mg/kg; no toxic effect noted 
Man, inhalation TC : 150 ppm inhaled intermittently over 

1 yr in a number &fdiscrete, separate doses affects the 
blood (other changes) and nutritional and gross met&o- 
km (body temperature increase) 

Rabbit, eye: 2 mg admiitered over 24 hr produces severe 
irritation 

Acceptable Ceiling Concentratiortz 25 ppm Ceiling: 1 ppm 3 mg/m’ 
Acceptable Maximum Peaks 50 ppm (10 min)t 

L OSHA29tXR 1910.1ooO.Subpaaz,stalesthacthcfinnlbenzcnestandardin29 CPR 1910.1028appti~ toalloccuparior~alcxposures tobezmme acepinscme 
rubsegmcnu of in&say where expoauru am cee&tartly under the a&m level (i.e.. distributiur and sale of t&b, sealed cosaahers and pipelines. coke production, 
ail and gas drill& sod produaioe. natural gas processing. and the perrmtngc urclusioo for liquid mixrures); fork excepted subsegments, me benzene limits in 
lable 2-2 apply. 
t Acceptable maximum pealr above rbe “aptable ceiling conore traIiooforan8-hrshift. 
t See NlOSH. RTECS for additional initativc. mutative. ranodtive. rnmoriaenic. and toxiciw data. 

&oiling Point: 175 l F (80 ‘C 
MeltIne Point: 42 ‘F (5.5 ‘C \ 
Yapor?remure: 1OO’mm II’ at 79 ‘F (26.1 ‘C) 
Vapor Densit (Air = 1): 2.7 
Evaporation if ate (Ether = 1): 2.8 

Molecular Weight: 78.11 
Soedk Gravkv (15 ‘C/4 ‘C7: 0.8787 
eater Solubili~Siightl~(O~lSO g/l00 g of H,O at 25 ‘C) 
%Volatile by Volume: 1 
Vlsc~~ity: 0.=8 mPa at 20 “C 

Appearance and odor: A colorless liquid with a characteristic sweet. aromatic odor. The odor recognition threshold ((100% of panel) is approxi- 
mately 5 ppm @fatigued) in air. Odor is nol an adequate warning of hazard. 
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Hash Point: 12 ‘F (-11.1 ‘C), CC 1 Autoignlthn Temperature: 928 F (498 ‘C) 1 LEL: 1.3% v/v (UEL: 7.1% v/v 
Extin&sh~ Media: Use dry chemical, foam, or carbon dioxide to extinguish benzene fues. Water may be ineffective as an extinguishing 

Speck Fire-fighting Procedures: Isolate hazard area and deny mhy. Since fue may produce toxic fumes. wear a self-c~ntained breathing 
a 
f? 

aratus (SCBA) with a fkll facepiece 
c efighter’s protective clothing provides 

in the pressure-demand or positive-pressure mode and full 
Stay out of low areas. Be aware of runoff from 

otective equ’ 
‘ted protection. F ei!z%:%:tw to Ire control m 

sewerS or waterwavs. Runoff to sewer can create pollution fire and exnlosion hazard. 

StabUlty/Polymetimtion: Benzene is stable at room temperature in closed containers under normal storage and handliig conditions. Hazardous 
polymcaixation cannot occur. 
Chemical IncompatibRitkst Benzene explodes on contact with diborsne, permanganic acid bromine pernafluoride, peroxodiiulfuri~ acid, m-d 
peroxomonosulfuric acid. It ignites on contact with diox gen difluoride, dioxygenyl tetrafhtoroborate, mdine heptafluoride, and sodium pero-xtde 
+ water. Benzene forms sensitive, explosive mixture WI d- Iodine pentafluotide. ozone. liquid oxygen, silver perchlorate. nitryl 
acid, and arsenic ~entafluoride + Potassium me&oxide (expkdes above 30 ‘C). A vigorous or incandvt x-Ho’“* mQx reactiono~~un bromme 
trifluoridc. uranim hexafluoride, and hydrogen + Raney mckel [above 410 ‘F (210 C)]. Benzene is incompatible with oxidizing material.% 
Conditions to AvoM: Avoid heat and ignitioa sounds. 
Hazardous Products d Decompositkuu Thermal oxidative decomposition of benzene can produce toxic gases and vapors such as carbon 
monoxi& 
c++&a1.?9o-~G , -. 
A. lN¶~~WihCQldlOplblheh~iRlL+~ 



No. 316 Benzene 8/!XI 

r 

inability to :Form blood cells) 

FIRSTAID 
Spa: Gently lift the eyelids and flti immediately and amtinuously with flooding amounts of water until Qampord to au emergency medical 
&iity. Corisult a physiiiau immediately. - 
iMn: Quickly remove contsmaated clothing. Immed&& rinse with flooding amounta of water for at least 15 min. For reddened or Mitered 
;kin. &sult~a physician. Wash affected ar& whh soap and water. 
b$.hlononR.emove exposed Person to fresh au. Emergency pemormel should protect against inhalation exposure. Provide CPR to support 

NculahoaMnecessary.Keepaw~and~ansporttoamedicalfacil 
hgstion: Never give anything by mouth to an %* 
iatal. Call a physicmu immediate 

unmmcious or convulsing person 

k 

mgeated do not induce wmiring since aspiration may be 

bfter first aId, get appropriate 
Ph 

-plant, paramedif, ur cummunlty medical support 
slclau’s Note: Evaluate chronic exposure with a CBC, peripheral smear, snd retmulocyte count for signs of myelotoxici 

22s y mdicators of leukemia with a bone marrow biopsy. Urinary phenol conjugates may be used for biological monitoring 0 1. Y 
Follow up any 

Acute mar&gem& is primarily supportive for CNS depression. 
recent exposure. 

SpilIiLeak: Design tmdpracrice a benzene spill control wtd counter~ureplan {SCCP). Notify safety personal, evacuate all unnecessary 
personnel, eEminate all heat and ignition sources, and provide adequate vedlati~n Clear~up personnel should protect against vapor inhalation, eyt 
contact, and skin atmrption. Absorb as much benzene as possible with an inert, noncombustible material. For large spills, die far ahead of spill 
and contain liquid. Use nonsparking tools to place waste liquid or absorbent into closable containers for diisak Keep waste out of confmed 
spaces such as sewers, watersheds, and wataways because of explosion danger. Follow applicable OSHA regulations (29 CFR 1910.120). 
Disposah Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations 
Listed as a RCRA Hazardous Waste (40 CFR 26133). Hazardous Waste No. U019 
Listed as a CERCLA Hazar&us Substance* (40 CFR 302.4). Reportable Quantity (RQ): 1000 lb (454 kg) [* per Clean Water Act, Sec. 307 (a), 

311(b)(4),112;andperRC~Sec.3001] 
SARA Extremely Hazardous Substance (40 CFR 355): Not listed 
Listed as SARA Toxic Chemical (40 CFR 372.65) 
OSHA Designations 
Listed as an Air Coutaminaut (29 CFR 1910.1000, Tables Z-1-A and 2-2) 

Goggles: Wearprotective eyeglasses or chemical safety goggles, per OSHA eye and face-protection regulations (29 CFR 1910.133). 
Respirator: Seek professional advice prior to respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and if neces- 
my, wear a MOSH-approved respirator. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks). wear an 
SCBA. Warning! Air-purfiing respidors do not pro#ed workers in oxygen-defiient atmospheres. 
Other: Wear impervious gloves, boots, apons, and gauntlets to prevent skin contact. 
Ventilation: Provide general and local explosion-proof ventilation systems to maintain airborne concentrations at least below the OSHA PELs 
(Sec. 2). Local exhaust ventilation is preferred since it prevents contaminant dispersion into the work area by controlling it at its s~urce.(‘~J 
Safety Stations: Make available in the work area emergency eyewash stations, safety/quickdrench showers, and washing facilities. 
Contaminated Equipment: Never wear contact lenses in the work sre~: soft lenses may absorb, and all lenses concentrate, irritants. Remove this 

Storage RequIremen& Store iu tightly closed containers in a cool, dry, well-ventilated area away from all heat and ignition sources and 
incompatible materials. Ceutionr Benzene vapor may form e#osive mhues in air. To prevent static sparks, electrically ground and bond all 
eontahers and equipment used in shipping, receiving. or transferring cqxrrations in production and storage areas. When opening or closing 
benzene containxs, use nonsparking tools. Keep fne extmguishers readily available. 
Engineering Controls: Because OSHA specifically regulatea benzene (29 CFR 1910.1028). educate workers about its potential hazards and 
dangers. Minimize all possible exposures to car&ogens. If possible, substitute less toxic solvents for barzene, use this mater% with extreme 
caution aud only if absolutely essential. Avoid vapor inhalation and skin and eye contact. Use only with adequate ventilation and ;appmpriate 
personal protective gear. institute a re+ratory protection pgram that includes regular training, maintenance, inspection, aud evaluation. 
Designate regulated areas of benzene use (see legend in the box below) and label benzene containers with “DANGER, CONTAINS BENZENE, 
CANCER HAZARD.- 
Other PrecautRms: Provide preplacement and periodic medical examinations with emphasis on a history of bl& disease or previous exposure. - 

Transportation Data (49 CFR 17Z.lOI, .lOZ) 
DOT Shipping Name: Benzene (bsud) IMO Shlppfng Name: Benzene 
DOT Hazard class: Flammable liquid IMOHazard~3.2 
ID No.: UN1 114 IDNo.tUN1114 
DOT Label: Flammable liquid 
DOT Packaging Exceptions: 173.118 

IMO Label: Flammable liquid 

DOT Packaging Requirementsz 173.119 
IMDG Packaging Group: II 
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Genium Publishing Corporation 
1145 catalyn street Sheet No. 366 

Schenectady, NY 12303-1836 USA Chlotobenzene 
1518) 377-8854 . s 

I 
Issued: 1 l/82 Revision: B, 11/90 

~ 

Chlorobenzene (C,H,CI) Description: Produced by chlorinating benzene in the presence of a catalyst. Used in dry R 1 NFPA 
cleaning; as a solvent in manufacturing paints, adhesives, polishes, waxes, diisocyanates, natural rubber, and pharmaceuti- I 3 
cals; a chemical intermediate for phenol, o-, andp-chloronitrobenzene, DDT, and aniline; and an intermediate in manufac- S 2 

3 

turing dyestuffs. K3 2o 
Other Designations: CAS No. 0108-90-7, benzene chloride; chlorobenzol; MCB; monochlorobenzene; phenyl chloride. 49 

- 

Manufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers’ Gtideo3) for a suppliers list.. 
i--Y; 
F 3 

Cautions: Chlorobenzene is a skin and mucous membrane irritant, a fairly strong narcotic, and a central nervous system (CNS) depres- R 0 
sant. Chronic inhalation may cause Zung, liver, and kidney damage. This material is a dangerous fire hazard when exposed to heat or pPG* 
flame. *sec.ll 
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Chlorobenzene. ca 100% 

-f 

1989 OSHA PEL 1990-91 ACGM TLV* 1988 NIOSH REL 1985-M Toxicity Data? 
8-hr TWA: 75 ppm, 350 mg/m3 TWA: 75 ppm, 345 mg/m3 None established Rat, oral, LD,,: 2910 mg/kg; toxic effects not yet reviewed 

Rat, inhalation, qO: 210 ppm administered for 6 br to a 
1987 IDLH Level 6- to 15-day pregnant female produces specific develop- 
2400 ppm mental abnormalities 

* In its “Notice of Intended Changes (for 1990-91),” the ACGIH lists a proposed lower level TWA for chlorobenzene: 10 ppm, 46 mg/m’.(lul 
tSee NIOSH, RTECT (CZD175000), for additional mutative, reproductive, and toxicity data 

:‘&$@ .* .i...... . . . . . j-‘-:;j.:. ,.,l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Boiling Point: 270 “F (132 “C) at 760 mm Hg Viscosity: 0.790 centipoise at 70 ‘F (21 ‘C) 
Melting Point: -50.1 ‘F (-15.6 ‘C) Molecular Weight: 112.56 
Vapor Pressure: 11.8 mm Hg at 77 ‘F (25 “C) Specific Gravity (20 ‘c/4 ‘C): 11.1058 
Vapor Density (Air = 1): 3.88 Water Solubility: Insoluble 

Appearance and Odor: A clear, colorless, volatile liquid with a faint, almond-like odor. Threshold odor concentration: ‘100% recognition, 
0.21 ppm. 

::s~~~~~~~~~~~~~~~~:~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~ 
:: ..,...,.. . . . . . . . . . . . . . . . . . .,\........ :.:.: .._.................: . . . . . . . . . . . . . . . . . .../.. :.:.y.:.:.;:,>:.:.: ./... ,../.,,,.,.i,.,_,.,.i.....,.,.,.,.,..,.,...i,....,,.......,. . . . . . . . . ../.............................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,.............,...................................,.......,...................,.........,...................,. . . . . . . . ..i......i.................i.._....ii/..i 
Flash Point: 85 ‘F (29.5 ‘C), CC ) Autoignition Temperature: 1180 ‘F (638 “C) 1 LEL: 1.8% v/v 1 UEL: 9.6% v/v 
Extinguishing Media: Use carbon dioxide, dry chemical, halon, water spray, or standard foam to extinguish fires involving chlorobenzene. Use 
water in flooding quantities as fog since solid streams of water may spread fire. Apply water spray from as far as possible to cool fire-exposed 
containers. 
Unusual Fiie or Explosion Hazards: Chlorobenzene is dangerous when exposed to heat or flame. Vapor may travel to an ignition source and 
flash back. 
Special Fire-fighting Procedures: Isolate hazard area and deny entry. Since fire may produce toxic fumes. wear a self-contained breathing 
apparatus (SCBA) with a full facepiece ope&ed in the pressure-demand or positive-pressure mode. Do not extinguish fir-e unless flow can be 
stopped. Be aware of runoff from fire control methods. Do not release to sewers or waterways. 

ardous polymerization cannot occur. 
Chemical Incompatibilities: Chlorobenzene is incompatible with strong oxidizers; contact may cause fires and explosions. It reacts violently 
with diethyl s&oxide. Silver perchlorate forms a solvated, shock-sensitive salt with chlorobenzene (explosion). ChlortJbenzene is potentially 
explosive with powdered sodium or phosphorus hichloride + sodium. 
Conditions to Avoid: Avoid all heat and ignition sources and incompatible materials. 
Hazardous Products of Decomposition: Thermal oxidative decomposition products of chlorobenzene can include soot, hydrogen chloride, 
phosgene, and carbon monoxide. 



Carcinogenicity: The NTP. L4R , .C, and OSHA do not list chlorobenzene as a carcinogen. 
Summarv of RI’ SILK Chlorobenzene is a fairly strong narcotic and can cause central nervous system (CNS) depression. Overexposure is irritating 
tothee ;&,-n&l passages, and upper respiratory tract. It is moderately toxic by inhalation or mgestion and can be absorbed slowly through the 
skin. Short exposures to liquid may cause skin irritation and defatting, while prolon 
burns. Followmg absorption of toxic doses, liver and kidney degeneration are also o %s 

ed or repeated skm contact ma 
erved. Chlorobenzcne may ai 

result m dermauus or skin 
o cause hemolysrs. 

Medical Conditions Aggravated by Long-Term Exposure: Individuals with skin, liver, kidney, or chronic respiratory disease may be at 

Eyes: Gently lift the eyelids and flush immediately and continuously with floodiig amounts of water until transported to an emergency medical 
facility. Consult a physician immediately. 
Skin: Quit remove contaminated clothin . Rinse with flooding amounts of water for at least 15 min. For reddened or blistered skin, consult a 
ppty. &h affected area with soap antwater. 

alatton: Remove exposed person to fresh air and support brcathin as needed. 
Ingestion: Never give anything by mouth to an unconscious or conv UF smg person. If ingested, have thatconscious person drink 1 to 2 glasses of 
water. Consult a physician immediately. If vomitin occurs, administer more water. 
After first aid,.& a propriate in-plant, parame 
Note to Phystctans: El 

ii c, or conuuun?y medical support. 
a conscious patient, attempt to induce vomlhng wrth Syrup of Ipecac. Consider activated charcoal cathartic. Administer 

charcoal slurrv with saline. water. or sorbitol. In an unconscious patient, do gastric lavage with suction. 

SpillfLeak: Desi 
sary personnel, P . 

n and practice a chlorobenzene spill control and cou+er measure plan (SCCP). Notify safety personnel, evacuate all unneces- 
e utunate all heat and ignition sources, and provide maxnnum explosion- 

$?sEs‘r T 
if r inhalation and contact wltb liquid. Take up spilled material with a noncom 

roof ventilation. Cleanup personnel should protect 
usuble absorbent material and place into containers for 

or large spills, dike far ahead of spill to contam. Do not release runoff to sewers or waterways since chlorobenzene is harmful to uatic 
life in very low concentrations. Aquatic toxicity: A 20-ppm concentration of chlorobenzene administered to bluegill in fresh water during a 9 “8 -hr 
test riod is the median tolerance limit (Tim) at which 50% of the aquatic organisms survive. Follow applicable OSHA regulations (29 CFR 
19&20). 
Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations - - 
Listed as a RCRA Hazardous Waste (40 CFR 261.33). Hazardous Waste No. U037 
CERCLA Hazardous Substance* (40 CFR x)2.4), Reportable Quantity (RQ): 100 lb (45.4 kg) I* per Clean Water Act, Sec. 31 l(b)(4), 

SW. 307(a), and r RCRA, Sec. 3cOl] 
SARA Extremely f-F azardous Substance (40 CFR 355): Not listed 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 
OSHA Designations 
Listed as an Air Contaminant (29 CFR 1910.1ooO, Table Z-1-A) 

,.. ,, _,_ . . . . . . . . . . . . . . . “. ‘.- ..Y . . . . . -..: . . . . . . . . . . . . . . . . . . :‘.:.:.:.:.:.~:.~.:.~.:.~.:.:.:.:.:.~.~.~,~.:.;.:.~.::.:.i..i:.:.:.),.~...:.~~.:.~::.:.I . . . . . ..z. . . . . . . . . . . . . . . ..l_.... .A.. . . . . . .._.i . . .._.. i..... . . .._._... .:...:.:.:.:.:.:.:.:.::.;:... ..:.:oj:. s~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. . . . . . . . . . . 

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-rzmtection reeulations (29 CFR 1910.133).- 
Respirator: Seek 
sary, wear a NIOS F; 

tofessional advice prior to respirator selection and use. Follol 
-approved respirator. Use an organic vapor-acid gas rcs 

P 
uator where 

(cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Warning. Air- 

--. .._._~ ~~.... \~. -- ~~ -. -~ -~ ~, 
w OSHA r&pi&t& re ulations (29 CFR 1910.134) and, if neces- 

appropriate. k or emergency or nonroutine operations 
purifying respirators do not protect workers in oxygen-deficieti 

atmospheres. 
Other: Wear impervious gloves, boots, aprons, and gauntlets (polyvinyl alcohol is recommended) to prevent prolonged or repeated skin contact 
Ventilation: Provide general and local explosion-proof ventilationsystems to mamtam airborne conc+rations below the OSHA PEL and 
ACGIH- I&V (Sec. 2). Local exhaust ventilation is preferred since tt prevents contaminant dupersion mto the work area by controlling rt at its 

Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. 
Contaminated Equipment: Never wear contact lenses in the work area: soft lenses may absorb, and all lenses concentrate, irritants. Remove this 
~~~~~rn 

:rY 
06 shoes and equipme+ Launder contaminated clothing before wearing. 

ever eat, dnnk or smoke m work areas. Practice good personal hygiene after using this material, especially before eating, drinking, 
smoking, using the toilet, or applying cosmetics. 

Storage Requirements: Store in tightly closed containers in a well-ventilated, fire-resistant area away from heat and i nition sources and 
oxidizing agents. Outside or detached storage is preferred Storage and handhng must.be suttable for an QSHA Class I 8 flammable liquid. To 
prevent static sparks, electrically ground and bond all containers and equipment used m shippmg, recetvmg. or transferring operauons rn uroduc- 
&on and storage areas. Protect containers from physical damage. 
Engineering Controls: Avoid vapor inhalation and contact with liquid. Use only with adequate ventilation and appropriate personal protective 
gear. Institute a respiratory protection program that includes regular training, mamtcnance, mspccuon, and evaluation. Practrce good personal 
b&ea~lm~~~~~~roced~. 

vi e a preplacement questionnaire that emphasizes detecting a history of skin, liver, kidney, or chronic respiratorv 
disease. 

. _ _ 

Transportation Data (49 CPR 172.101, .102 
DOT Shippin Name: Chlorobenzenc 

‘i: 
IMO Shipping k ame: Chlorobenzene 

DOT Hazard lass: Flammable liquid IMO Hazard Class: 3.3 
ID No.: UN1134 ID No.: UN1134 
DOT Label: Flammable liquid IMO Label: Flammable li uld 
DOT Packaging Exceptions: 173.118 IMDG Packaging Group: ?I 
DOT Packaging Requirements: 173.119 



Genium Publishing Corporation 
1145 catalyn street 

Schenectady, NY 12303-1836 USA 
(518) 377-8854 

Material Safe@ Data Sheets Collection: 

Sheei No. 703 
1,2-Dichloroethylene 

and trans. are made by partialchlorination of acetylene. Used & a general solvent for organic materials, lacquers, dye ’ 
- .- --- 

extraction, thermoplastics, organic synthesis, and perfumes. The trans-isomer is more widely used in industry than either 
i 22 

the &-isomer or the mixture. Toxicity also varies between the hvo isomers. K 1 z32 

Other Designations: CAS No. 0540-59-O; C$&; acetylene dichloride; ck-1,2dichlotiylene; symdichloroetbyleoe; @ 
trans-1,2dichloroethylene, dioform. HMIS 
Manufacturer: Contact your supplier or distributor. Consult the latest C!zmicuIweekBlc)lers’Gti&?) for a suppliers list 

E f 
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1.2-Dichloroethylene, ca 100% 

OSHA PEL ACGIH TLV, 1989-90 Toxic@ Data+ 
8-hr TWA: 790 mg/m’, 200 ppm TLV-TW& 790 mgIm3. 200 ppm Rat, oral, LD,: 770 mg/kg; toxic effects not yet reviewed 

Frog. inhalation, TC,: 117 mg/m’ inhaled :for 1 hr affects the 
NIOSH REL, 1987 peripheral nerve and sensation (flaccid paralysis without 
790 mg/m’, 200 ppm anesthesia); behavior (excitement); lungs, thorax, or 

respiration (respiratory depression) 

* See NIOSH, RTECS (?3936@300), for additional toxicity data. 

Meltlng Point: -56 to -115 ‘F/-49 to -82 ‘C/ 
Vapor Pressure: 180 to 264 torr at 68 ‘F/20 ‘C 
Vapor Density (Air = 1): 3.4 

Speclfll Gravity (II,0 = l-at 39 ‘F/4 ‘C): 1.27 al. 77 ‘Fn5 ‘C 
Water Solubillty: Insoluble 

Appearance and Odor: A colorless, low-boiling liquid with a pleasant odor. 
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FIasll Point: 37 ‘F/2.8 ‘C. cc 1 Autolgnltion Temperature: 860 ‘F/460 ‘C 1 LEL: 5.6% v/v 1 UEL: 12.8% v/v 
Extinguishing M,edia: Use dry chemical, Co,, hslon, water spray, or standard foam. Water may be ineffective unless used to blanket the fie. 
Unusual Fire or Erploslon Hazards: Thii &e&l’s vapors are a dangerous fire hazard and moderate explosion hazard when exposed to any 
heat or ignition source or oxidizer. 
Special Fire-fighting Procedures: Since fire may produce toxic fumes, wear a self-contained breathing apparatus @CBA) with a full facepiece 
operated in the pressure-demand or positive-pressure mode and a fully encapsulating suit. Vapors may travel to heat or ignition sources and flash 
back. Stay upwind and out of low areas. Be aware of runoff from fire control methods. Do not release to sewers or waterwalys. 
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StabUitylPolymerlzation: This material is stable at mom temperature in closed containers under normal storage and handling conditions. 
Hazardous polymerization cannot occur. 
Chemical Incompatibllltles: Thii material is incompatible with alkalies, nitrogen tetraoxide, difluoromethylene, strong oxidizers, and dihy- 
pofluorite. When in contact with copper or copper alloys or by reaction with potassium hydroxide, explosive chloroacetylene may be released. 
Conditions to Avokk Addition of hot liquid to cold 1.2dichloroethylene may cause sudden emission of vapor that could flash back to an ignition 
SOUrCe. 
Hazardous Products of Decomposition: Thermal oxidative decomposition of l&dichlorocthylene can produce highly toxic fumes of chlorine 
(Cl-). 



No. 703 1,2-DichIoroetbylene 4190 

~ti~~:‘ti~~~~fit~~,~~~~~~~,~~~t~~~~:~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

krcinogenicity: Neither the NTF’, IARC, nor OSHA lists 1,2dichbrocthylene as a carcinogen. 
ummary of Rlskaz 1,2-Dichloroethylene’s most important effect is its irritation of the central nexvou~ system (CNS) and namosii. This matcrlal 
: toxic by inhalation, ingestion, and skin contact. It is also irritating to the eyes. The tram-isomer at 220 ppm causes nausea, vertigo, and 
tuning of the eyes. The trans-isomer is twice as potent as the cis-isomer. If renal effects occur, tbcy arc transient. 
ledkal Conditions Aggravated by Long-Term Exposure: None reported. 
‘arget Organs: Central nervous system eyes, respiratory system 
‘rbnary Entry Routes: InhaIation, ingestion, skin atxI eye contact. 
icute Effects: Inhalation of 1,2dichloroethylene causes narcosis, respiratory tract initation, nausea, Vomiting, tremor. weakness, central nervous 
epression, and epigastric (the abdomen’s upper midregion) cramps. Contact with the liquid causes eye and skin (on prolonged contact) irritation. 
agestion causes slight depression to deep narcosis. 
:hronic Effects: None reported. 
XRSTAID 
;yes: Flush immediately, including under the eyelids, gently but thoroughly with flooding axnounts of running water for at least 15 min. 
;kln: Qui&Zy remove contaminated clothing. After rinsing affected skin with flooding amounts of water, wash it with soap and water. 
nhalation: Remove exposed person to fresh air and support breathing as needed. Have trained personnel administer 100% oxygen, preferably 
vith humidification. 
ngestlon: Never give anything by mouth to an unconscious or convulsing person. If ingested, have a cun.rciow person drink 1 to 2 glasses of 
vater, then induce repeated vomiting until vomit is clear. 
ifter first dd, get appropriate In-plant, paramedic, or community medical support 
%ysIclan’s Note: Intravenous injections of calcium gluconate may relieve cramps and vomiting. Treat ventral nervous system effects sympto- 
natically. 
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ipWLeak: Design and practice a I.2-dichkmethylene spill co&o1 and counfemeasure plan (SCCP). Notify safety personnel, remove all heat 
md ignition sources, evacuate hazard area, aad provide adequate ventilation. Cleanup persoMe should protect against vapor inhalation and skin 
u eye contact Absorb small spills on paper towels. After evaporating the 1,2dichloroetbylene from these paper towels in a fume hood, bum the 
)aper in a suitable location away from combustible material. Collect and atomize large quantities in a suitable combustion chamber equipped with 
~1 appropriate effluent gas cleaning device. Follow applicable OSHA regulations (29 CFR 1910.120). 
Xsposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
SPA Designations 
>istcd as a RCRA Hazardous Waste (40 CFR 261.33) 
-isted as a CERCLA Hazardous Substance* (40 CFR 302.4). Reportable Quantity (RQ): 100 lb (45.4 kg) [* per RCRA, Sec. 3001, per Clean 
water Act, Sec. 307(a)] t 
;ARA Extremely Hazardous Substance (40 CFR 355): Not listed 
aisted as a SARA Toxic Chemical (40 CFR 372.65) 
XHA Designations 
,isted as an Air Contaminant (29 CFR 1910.1ooO, Table Z-l) 
Listed as 1.2~lra~-dichlorcethylene. 
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;oggles: Wear protective eyeglasses or chemical safety goggles, per GSHA eye- and faceprotection regulations (29 CFR 1910.133). 
iespirator: Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a NIGSH-approved respirator. For emergency or 
ronroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. 
Warning: Air-purifying respirators do not protect workers in oxygen-deficient atmospheres. 
Xher: Wear impervious gloves, hoots, aprons, and gauntlets to prevent prolonged or repeated skim contact. 1,2dichloroethylene attacks some 
rorms of plastics, rubber, and coatings. 
Ventilation: Provide general and local explosion-proof ventilation systems to maintain airborne concentrations below the OSHA PEL and 
4CGIH TLV (Sec. 2). Local exhaust ventilation is preferred since it prevents contaminant dispersion into the work area by controlling it at its 
iource.(r”~ 
Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. 
Contaminated Equipment: Never wear contact lenses in the work area: soft lenses may absorb, and all lenses concentrate, irritants. Remove this 
material from your shoes and equipment Launder contaminated clothing before wearing. 
Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking, 
smoking, using the toilet, or applying cosmetics. 

,” - 

oxidizing materials. Outside or detached storage is preferred. If stored inside, place containers in a standard flammable liquids storage cabinet or 
room Protect containers from physical damage. 
Engineering Controls: Avoid vapor inhalation and skin and eye contact. Use only with adequate ventilation and appmpriate personal protective 
gear. Institute a respiratory protection program that includes regular training, maintenance, inspection, and evaluation. 1,2dichloroethylene is a 
dangerous fire hazard. All engineering systems should be of maximum explosion-proof &sign and eIcctricaIly grounded and bonded. Provide 
preplacement questionnaires which emphasize detecting a history of chronic respiratory’ disease. 
Transnortation Data (49 CF’R 172.101. -102): Not listed 



Ethylbenzene (C&C,Hs) Description: Derived by heating benzene and ethylene in presence of aluminum chloride with R 1 NFPA 
subsequent distillation, by fractionation directly Tom the mixed xylene stream in petroleum refining, or &hydrogenation I 3 
of naphthenes. Used as a solvent, an antiknock agent in gasoline; and as an intermediate in production of synthetic rubbea, S 2* 

3 

49 

2 0 
styrene, cellulose acetate, diethylbenzene, acetophenone. ethyl anthraquinone, propyl oxide, and a-methylbenzol alcohol. 
Other Designations: CAS No. 100-41-4, ethylbenzol, EB. phenylethane. NCK56393. 

$2 

Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’ Guidem) for a suppliers list. absorption MS 
H 2t 

i i 
Cautions: Ethylbenzene is a skin and mucous membrane irritant considered the most irritating of the benzene series. Inhlalation PPE - Sec. 8 
causes acute and chronic central nervous system (CNS) effects. It is highly flammable and forms explosive mixtures with air. t chronic 

effects .,. .,. . . . . . . . . :. .,.. . . :...: . . . . . . . . .:.\\. ..:.. .., .,. ,.. .,. ., ,_,.,., .,...,., . . . . . . . . . . / . . .., ,.. . . . . . / . . . . ,/ ,. . . 
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Ethylbenzene, ca >99.0%. Impurities include - 0.1% metu & pura xylene, - 0.1% cumene, and - 0.1% toluene. 

1991 OSHA PELs 
8-hr TWA: 100 ppm (435 mg/m3) 
15-min STEL: 125 ppm (545 mg/m3) 
Action Level: 50 ppm (217 mg/m3) 

1990 IDLH Level 
2mo wm 
1990 MOSH REL 
TWA: 100 ppm (435 mg/m3) 
STEL: 125 ppm (545 ms/m3) 

199293 ACGIH TLVs 
TWA: 100 ppm (434 mgfm3) 
STEL: 125 ppm (545 mg/m3) 
1990 DFG (Germany) MAK 
TWA: 100 ppm (440 mg/m3) 
Category 1: local irritants 
Peak Exposure Limit 200 ppm, 5 min 

momentary value, max of S/shift 
Danger of cutaneous absorption 

1985-86 Toxicity Data* 
Human, inhalation, q: 100 ppm/S hr caused eye effects, 
sleep, and respiratory changes. 

Human, lymphocyte: 1 mmoVL iiduced sister chromatid 
exchange. 

Rat, oral, LD,: 3500 mg/kg; toxic effects not yet reviewed 
Rat (female), inhalation, TC&: 1000 ppm/7 hr/day. 5 days/ 

wk. for 3 wk prior to mating and daily for 19 days of gesta- 
tion produced pups with high incidence of extra ribs.(‘7g) 

Melt&g Point: -139 ‘g (-95 ‘6) Density: 0.863 G 77 l F (25 ‘C) 
Surface Tension: 3 1.5 dyne/cm Water Solubility: Slightly, 14 mg/lOO mL at 59 ‘F (15 ‘C) 
Ionization Potential: 8.76 eV Other Solubilities: Miscible in alcohol, ether; soluble in carbon tetrachloride, benzene, 
Viscosity: 0.64 CP at 77 ‘F (25 ‘C) sulfur dioxide, and many organic solvents; insoluble in ammonia 
Refraction Index: 1.4959 at 68 “F (20 “C) Odor Threshold: 2.3 ppm 
Relative Evaporation Rate (ether = 1): 0.0106 Vapor Pressure: 7.1 mm Hg at 68 ‘F (20 “C); 10 mmHg at 78.62 l F (25.9 ‘C); 100 mm Hg 
Bulk Density: 7.21 lb/Gal at 77 ‘F (25 ‘C) 165.38 ‘F (74.1 ‘C) 

~ Critical Temperature: 651 ‘F (343.9 “C) Saturated Vapor Density (Air = 0.075 lb/ft? or 1.2 kg/m3): 0.0768 lb/f+ or 1.2298 kg/m3 
Critical Pressure: 35.6 atm 
Appearance and Odor: Colorless, flammable liquid with a pungent odor. 
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Flash Point: 64 ‘F (18 ‘C) CC 1 Autoignition Temperature: 810 ‘F (432 ‘C) 1 LEL: 1.0% v/v UEL 6.7% v/v 

Extlngulshlng Media: Class 1B Flammable liquid. For small fires, use dry chemical, carbon dioxide, or ‘alcohol-resistant’ foam. For large fires. us< 
fog or’alcohoi-resistant’ foam. Use water only-if other agents are unavailable; EB floats on water and may travel to an ignition source and spread 
fire. Unusual Fire or Explosion Hazards: Burning rate = 5.8 mm/min. Vapors may travel to an ignition source and flash back Container may 
explode in heat of fire. El3 poses a vapor explosion hazard indoors, outdoors. and in sewers. Special Fire-fighting Procedures: Because fire may 
produce toxic thmal decomposition products, wear a self-contained breathing apparatus (SCBA) with a full facepiace operated in pressure-deman~ 
or positive-pressure mode. Cool container sides with water until well after fxe is out. Stay away from ends of tanks. For massive fire in ago area. 
use monitor nozzles or unmanned hose holders; if impossible, withdraw from area and let tie bum. Withdraw immediately if you hear risiig sound 
from venting safety device or notice any tank discoloration due Lo fne. Do not release runoff from fire control methods to sewers or waterways. 
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StabUity/Polymerization: Ethylbenmne is stable at room temperature in closed containers under normal storage and handling conditions. Hazardot 
polymerization umnot occur. 
Chemical IncompatibUities: Reacts vigorously with oxidizers. 
Conditions to Avoid: Exposure to heat and oxidizers. 
Hazardous Products of Decomposition: Thermal oxidative decomposition of EB can produce auid smoke and irritating fumes. 

is rare since it is usually present together with other solvents. EB is irritating to the eyes, skin, and respiratory tract. V.apor inhalation produces 
varying degrees of CNS effects depending on concentratior~ The liquid is absorbed through the skin but vapors are nalt. 56 to 64% of inhaled 
ethylbenzene is retain4 and metabolized. Urinary metabolites following exposure to 23 to 85 ppm for 8 hr are mandelic acid (64%). phenyl- 
glyoxylic acid (25%). and methylphenylcarbiiol/l-phenyl ethanol (5%). Concurrent exposure to xylene and ethylbenzne causes slower excretion 
of BB metabolites. Based on the rat LD% one manufacturrr gives 3 to 4 oz. as the lethal dose for a 100 lb p”son. coluznue on neai pa&-f 
omri& 0 ,Qq’.sJ&m p,lNht,in. crmmti..“, *an. .-,.“-.“A*, ne n. - At5.m.r h “.Flz.M. -:-.:- t. . . . ..~X....l 



Sffeck: V& inhalztion of9200 irn &u.& transient eye.ini&ion; iOO0 ppm ca& eye &&ion with profusewatering (t&ranoz ,developed 
apidiy); 2ooO ppm caused severe and immediate eye irritation and watering. nasal irritation, chest W~IS~~C~~OII, and vertigo; 5000 ppm was 
ntolerable and caused eye and nose irritation. Inhalation of high concentrations may cause narcosis, cramps, and death due to respiramry paralysis. 
ikin exposed to pure ethylbenzene for 10 to 15 min absorbed 22 to 33 mg/cm*/hr. Immersion of hand in solutions of 112 & 156 mg/L for 1 hr 
absorbed 118 & 215.7 pg/cmz/hr, respectively. Chronic Effects: Repeated skin contact may cause dryness, scaling. and fissuring. Workers 
:hronically exposed to > 100 ppm complained of fatigue, sleepiness, headache, and mild irritation of the eyes and respiratory tract, Repeated vapor 
nhalation may result in blood disorders, particularly leukopenia (abnormally low level of white blood cells) and lymphocytosis. 
TIRST AID 
syes: Do not allow victim to rub or keep eyes tightly shut Gently lift eyelids and flush immediately and continuously with flooding amounts of 
water until transported to an emergency medical facility. Consult a physician immediately. Skin: Qtikly remove contaminated clothing. Rinse 
vith flooding amounts of water for at least 15 min. Wash exposed area with soap and water. For reddened or blistered skin, consult a physician. 
rnhalation: Remove exposed person to fresh air and support breathing as needed. Ingestion: Never give anything by mouth to an unuonscious or 
zonvulsing person. Contact a poison control center and unless otherwise advised, have that con.rciolcs and uhf person drink 1 to 2 glasses of water 
o dilute. Do~not induce vomiting! Aspiration of even a small amount of EB in vomitus can cause severe damage since its low viscosity and surface 
ension will cause it to spread over a large area of the lung tissue. 
1fter first aid, get appropriate in-plant, paramedic, or community medical support. 
Vote to Phystcians: BEI = mandelic acid in urine (1.5 g/g of creatinme), sample at end of shift at workweeks end. Since this test is not specific, 
est for EB in expired air for confirmation. 
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;piil/leak: Notify safety personnel. Isolate and ventilate area, deny entry and stay upwind. Shut off all ignition sources. Cleanup personnel should 
)rotect against vapor inhalation and skin/eye contact. Take up small spills with earth, sand, vermiculite, or other absorber& noncombustible mate- 
ial and place in suitable container. Die far ahead of large spill for later reclamation or disposal. Report any release >I Ooo lb. Follow applicable 
XHA regulations (29 CFR 1910.120). Environmental Transport: If released to soil, EB partially evaporates into the atmosphere, with a half-life 
If hrs to wks. and some leaches into groundwater. especially in soil with low organic carbon content. Biodegradation occurs with a half-life of 2 
lays. Some EB may absorb to sediment or bioconcentrate in fish. Evidence points to slow biodegradation in groundwater. In air. it reacts with 
lhotochemically produced hydroxyl radicals with a half-life of brs to 2 days. Additional amounts may be removed by rain. Ecotoxicity Values: 
shrimp (Mysidopsk bahio). LCX, = 87.6 mg/Ln6 hr; sheepshcad minnow (Cyprinodon variegate) LC M = 275 m&/96 hr; fathead r&nnow 
:Pimephalespromelas) LCX, = 42.3 mg/L/96 hr in hard water & 48.5 m&96 hr in softwater. Disposal: A candidate for rotary kiln incineration at 
1508 to 2912’F (820 to 16OOY). liquid injection incineration at 1202 to 2912’F (650 to 16oo’C). and fluid&d bed incineration at 842 to 1796°F 
1450 to 98o’C). Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations OSHA Designations 
Listed as a RCRA Hazardous Waste (40 CFR 261.21): No. JJOOl Listed as an Air Contaminant (29 CFR 1910.1000, Table 2-l-A) 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 
SARA Extremely Hazardous Substance (40 CFR 355). TPQ: Not listed 
Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Quantity (RQJ 1000 lb (454 kg) [* per CWA, Sec. 31 I. (b)(4) & 

CWA, Sec. 307 (a)] 

Section 8; Special l+$e+k Fata ; ; ., . . ..: .: : ;: :t ; :, ; : . . . . ,. :. . C: 1 : Ij : I i ; j I-,: ‘; : :.; : I I: L 
Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and facz-protection regulations (29 CFR 1910.133). Because 
contact lens use in industry is controversial, establish your own poiicy. Respirator: Seek professional advice prior to selection and u$:e. Follow 
OSHA respirator regulations (29 CFR 1910.134) and, if necessary. wear a MSHA/NIOSH-approved respirator. For < loo0 ppm, use a. powered 
air-purifying respirator with an appropriate organic vapor cartridge, a supplied-air respirator (SAR). SCBA. or chemical cartridge respirator with 
appropriate organic vapor cartridge. For < 2000 ppm. use a SAR or SCBA with a full facepiece. For emergency or nonroutine operations (cleaning 
spills, reactor vessels, or storage tanks), wear an SCBA. Warning! Air-pur@ing respirators do not prefect workers in oxygen-deficient atmo- 
spheres. If respirators are used. OSHA requires a respiratory protection program that includes at lease medical certification, training, fit-testing, 
periodic environmental monitoring, maintenance, inspection, cleaning, and convenient, sanitary storage areas. Other: Wear chemically protective 
gloves, boots, aprons, and gauntlets made of Viton or polyvinylchloride to prevent skin contact. Ventilation: Provide general and local exhaust 
ventilation systems to maintain airborne concentrations below the OSHA PELa (Sec. 2). Local exhaust ventilation is preferred because it prevents 
contaminant dispersion into the work area by controlling it at its source. (‘03) Safety Stations: Make available in the work area emergency 
eyewash stations, safety/quick-drench showers, and washing facilities. Contaminated Equipment: Separate contaminated work clothes from 
street clothes and launder before reuse. Remove this material from your shoes and clean PPE. Comments: Never eat, driik, or smoke: in work 
arcas. Practice good personal hygiene after using this material, especially before eating, drinking, smoking, using the toilet, or applying cosmetics. 

Section 9. Special Precautions and (?o’&m&b- .::, : : .I .: : ~:f;$ ;: j-1 :f; Fj:: i:i; j: i’:-:.j, CC.{:Jj :::-;.:-I’: ; I :j ,j I ‘... i : I., 

Storage Requirements: Store in a cool, dry, well-ventilatedarea away from ignition sources and oxidize=. Outside or detatched storage is 
preferred. If inside, store in a standard flammable liquids cabinet. Containers should have flame-arrester or pressure-vacuum venting. To prevent 
static sparks, electrically ground and bond all equipment used with ethylbenzene. Install Class 1, Group D electrical equipment. Engineering 
Controls: To reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants and to maintain 
levels as low as possible. Purge and ventilate reaction vessels before workers are allowed to enter for maintenance or cleanup. Admi:nistrative 
Controls: Consider preplacement and periodic medical exams of exposed workers that emphasize the CNS, skin, blood, and respiratory system. 

DOT Shipping Name: Ethylbenzene 
DOT Hazard Class: 3 
ID No.: UN1175 
DOT Packing Group: II 
DOT Label: Flammable liquid 
Special Provisions (172.102): Tl 

Transportation Data (49 CFR 172.101) 
Packaging Authorizations 
a) Exceptions: 173.150 
b) Non-bulk Packaging: 173.202 
c) Bulk Packaging: 173.242 

Quantity Limitations 
a) Passenger Aircraft or Railcar: 5L 
b) Cargo Aircraft Only: 60 L 
Vessel Stowage Requirements 
a) Vessel Stowage: B 
b) Other: - 

MSDS Collection References: 26.73.1CQ 101.103.124,126.127,132,133.136.139.140.148.153,1S9.162.163.164, 167.168.171,176.179 
Prepared by: M Gann~n, BA. Industrial Hygiene Review: D Wilson. CIH: Medical Review: W Silvcnnan. MD 
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Schenectady, NY 12304-4690 Methylene Chloride MSDS No. 310 
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Section 1 - Chemical Product and Company Identification 44 
‘roduct/Chemical Name: Methylene Chloride 
Chemical Formula: CH2C12 
ZAS No.: 75-09-2 
synonyms: DCM, dichloromethane, Freon 30, methylene bichloride, methylene dichloride, NCI-C.50102, Solmethine 
derivation: Produced by chlorination of methane. 
3eneral Use: Used as a solvent for cellulose acetate, adhesives, food processing, and pharmaceuticals; in degreasing and 
cleaning fluids, paint and varnish removers, decaffeination of coffee, in propellant mixtures for aerosols; as a blowing agent in 
foams, dewaxing agent, component of fire extinguishing compound, chemical intermediate, low temperature heat-transfer 
medium, and as a fumigant. Formerly used as an anesthetic. 

fenders: Consult the latest Chemical Week Buyers’ Guide. (73) 

Section 2 - Composition / Information on Ingredients 
vlethylene chloride, ca < 100 % vol 
Irace Impurities: Stabilizers may be added such as: amines, 4-cresol, hydroquinone, methanol, 2-methyl-2-ene, 1-naphthol, 
nitromethane + 1,4-dioxane, phenol, resorcinol, and thymol. 

OSHA PELs NIOSH REL DFG (Germany) MAK 
r-8-m TWA: 588ppm* Carcinogen; lowest TWA: 100 ppm (360 mg/m3) 

Ceiling: 1000 ppm (2000 ppm 5 min. feasible concentration. Category II: Substances with systemic effects 
peak in any 2 hr period) 

IDLH Level 
Onset of Effect: < 2 hr 

ACGIH TLV Ca [5000 ppm] 
Half-life: 2 hr to shift length 

TWA: 50 ppm (174 mg/m3) Peak Exposure Limit: 

&w changedto: 25 

500 ppm, 30 min. average value, 2/shift 

ppm (TWA); 125 ppm (STEL) 

Section 3 - Hazards Identification 

-LIfrf&~2 Emergency Overview WXkf& 

I 

Wilson 

Methylene chloride is a colorless, volatile liquid with a sweet odor. It is irritating to the eyes, skin, and Risk 

respiratory tract. At high concentrations it can cause narcosis (unconsciousness). Methylene chloride is Scale 

metabolized to carbon monoxide in the body which contributes to much of its toxicity. It can form flammable R 1 

mixtures with air (forming toxic phosgene when burned) and becomes explosive when mixed with 0xyge.n. I 3 
s 2* 

Potential Health Effects K 1 

Primary Entry Routes: Inhalation, skin and eye contact. 
rarget Organs: Eyes, skin, central nervous system (CNS), cardiovascular system (CVS), blood. 
4cute Effects 

*Skin 
absorption 

Inhalation: Symptoms include headache, giddiness, irritability, nausea, stupor, numbness and tingling of limbs, iiT* 

fatigue, anemia and polymorphonuclear leukocytosis, digestive disturbances, and neurasthenic disorders F 1 

(emotional and psychic disorders characterized by easy fatigue, lack of motivation, feelings of inadequacy, and R 0 

psychosomatic symptoms). Many symptoms are attributed to the metabolism of methylene chloride to catbon 
monoxide in the body. The carbon monoxide forms carboxyhemoglobin in the blood, which unlike hemoglobin, 

*Chronic 

does not have the ability to carry oxygen. This lack of oxygen leads to CNS and CVS problems. However., CNS 
Effects 

effects have been seen in’persons without a significantly elevated blood carbon monoxide level. 
PPE -r 

tSec. 8 
Eye: Exposure to vapors produces irritation, tearing, and conjunctivitis. Direct contact with the liquid causes 
severe pain, but permanent damage does not occur. 

Skin: Contact is irritating and can be painful (bums) if confined to skin (i.e. trapped under gloves or clothing). Methylene 
chloride can be absorbed through the skin to cause systemic effects. 

Ingestion: Expected to cause gastrointestinal irritation, nausea, vomiting, and systemic effects (see inhalation). 
Carcinogenicity: IARC (Class 2B, possibly carcinogenic to humans with limited human and sufficient animal evidence), NTP 
(Class 2, reasonably anticipated to be a carcinogen with limited human and sufficient animal evidence), ACGIH (TLV-A2, 
suspected human carcinogen as agent is carcinogenic in animals at dose levels considered relevant to workler exposure but 
insufficient epidemiological studies are available to confirm an increased cancer risk), NIOSH (Class X, carcinogen defined 
without further categorization), EPA (Class B2, sufficient evidence from animal studies and inadequate or no data from 
epidemiologic studies), and DFG (MAK B, justifiably suspected of having carcinogenic potential). 

Medical Conditions Aggravated by Long-Term Exposure: Skin and cardiovascular disorders. 



MSDS No. 310 Methylene Chloride 6194 
Chronic Effects: Repeated skin contact can cause dermatitis. Liver disease has been reported. Case Reports: 1 yr 
caused toxic encephalopathy (toxicity of the brain) with audio and visual delusions and hallucinations; 3 yr exposu:re to 300 to 
1000 ppm caused memory loss, intellectual impairment, and balance disturbances. 

Other: Methylene chloride will cross the placenta. The estimated lethal dose is 0.5 to 5 mL/kg. Although methylene chloride has 
a distinct sweetish odor, it is not recognized at levels low enough to protect from overexposure. 
: ;: . . . . ̂,.Z  ̂ .‘, ‘: ~ 

1,: Ii : ;;,; I ) , .I 1 Section-4 Y First Aid Measures I ., 
[nhalation: Remove exposed person to fresh air, administer 100% humidified, supplemental oxygen and support breathing. 
Eye Contact: Do 1101 allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuously 
with flooding amounts of water for at least 15 min. Consult an ophthalmologist if pain or irritation persist. 

Skin Contact: Quickly remove contaminated clothing. Rinse with flooding amounts of water for at least I5 min. Wash exposed 
area with soap and water. For reddened or blistered skin, consult a physician. 

Ingestion: Never give anything by mouth to an unconscious or convulsing person. Contact a poison control center. 1Jnless the 
poison control center advises otherwise, have the conscious and alert person drink 1 to 2 glasses of water, then induce vomiting 
with Ipecac syrup. If vomiting does not occur, the decision to perform gastric lavage should be made. 

Aj?erjht aid, get appropriate in-plant, paramedic, or community medical support. 
Note to Physicians: Lethal blood level = 280 mg,/L,. Biological monitoring: carbon monoxide in expired air (nonsmokers only). 
Recently, methylene chloride concentrations in urine have been found to correlate well to concentrations in air. 

Section 5 - Fire-Fighting Meastires . . I. .’ 
Flash Point: Methylene chloride does not have a flash point by standard tests. However, it does form NFPA 
flammable mixtures with air. 

Autoignition Temperature: 1033 “F (556 “C) . 

LFL: 12% v/v <A - 
UFL: 19% v/v 
LEL: 15.5% (in oxygen) 49 

- 

UEL: 66.4% (in oxygen) 
Extinguishing Media: For small fires, use dry chemical or carbon dioxide. For large fires, use water spray, 
fog, or regular foam. 1 

Unusual Fire or Explosion Hazards: Creates an explosion hazard if allowed to enter a confined space. Coiiainer *may explodi’ 
in heat of fire. 

Hazardous Combustion Products: Hydrogen chloride, carbon monoxide and phosgene. 
Fire-Fighting Instructions: Apply cooling water to sides of tanks until well after fire is out. Stay away from ends of tanks. Do 

not release runoff from fire control methods to sewers or waterways. 
Fire-Fighting Equipment: Because fire may produce toxic thermal decomposition products, wear a self-contained breathing 

apparatus (SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Structural firefighters’ 
protective clothing provides only limited protection. 

Section 6.; Accidental Release Mtksures 
Spill /Leak Procedures: Notify safety personnel, isolate and ventilate area, deny entry, and stay upwind. Shut off ignition 
sources. Cleanup personnel need to protect against inhalation and skin/eye contact. 

Small Spills: Take up with earth, sand, vermiculite, or other absorbent, noncombustible material. 
Large Spills 
Containment: Dike far ahead of spill for later reclamation or disposal. Do not release into sewers or waterways. 
Cleanup: Damp mop any residue. 
Regulatory Requirements: Follow applicable OSHA regulations (29 CFR 1910.120). __ 

Section 7 - Handling and Storage 
Handling Precautions: Do not use near ignition sources. Wear appropriate PPE. DO not use plastic or rubber hose for unloading 

trucks or tank cars unless the materials have been tested and approved for methylene chloride service. 
Storage Requirements: Store in a cool, dry, well-ventilated area away from heat, ignition sources, and incompatibb:s (Sec. 10). 
To minimize decomposition, all storage containers should be galvanized or lined with a phenolic coating. Indoor storage tanks 
should have vents piped outdoors to prevent vapors from escaping into work areas. Prevent moisture from entering tanks. 

Section 8 - Exposure Controls / Persona Protection 
Engineering Controls: Do not use closed circuit rebreathing systems employing soda lime or other carbon dioxide absorber 

because of formation of toxic compounds capable of producing cranial nerve paralysis. To prevent static sparks, elesctrically 
ground and bond all equipment used with and around methylene chloride. 

Ventilation: Provide general or local exhaust ventilation systems to maintain airborne levels below OSHA PELs (Sec. 2). Local 
exhaust ventilation is preferred because it prevents contaminant dispersion into the work area by controlling it at its source.(lo3) 

Administrative Controls: Consider preplacement and periodic medical exams of exposed workers with emphasis opn skin, liver, 
CNS, CVS, and blood. A complete blood count should be performed and carboxyhemoglobin levels should be determined 

A 

Page 2 of 4 Copyright 0 1’3% Cenium Puhlishmp Corporation. Any commercial UY oc rcproducdon widww the publish&s pxnlssion B prohrhucd. 



a94 Methylene Chloride MSDS No. 310 
periodically. Any level above 5% should prompt investigation of employee and workplace to determine the cause (smokers will 

1 

I 

already have an increased level of carboxyhemoglobin and are at incre&ed risk). Use-less hazardous solvents where possible. 
Respiratory Protection: Seek professional advice prior to respirator selection and use. Follow OSHA respirator regulations (29 
CFR 1910.134) and, if necessary, wear a MSHA/NIOSH-approved respirator. For any detectable concentration, use any SCBA 
or supplied-air respirator (with auxiliary SCBA) with a full facepiece and operated in pressure demand or other positive- 
pressure mode. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. 
Warning! Air-purifying respirators do not protect workers in oxygen-deficient atmospheres. If respirators are used, OSHA 
requires a written respiratory protection program that includes at least: medical certification, training, fit-testing, periodic 
environmental monitoring, maintenance, inspection, cleaning, and convenient, sanitary storage areas. 

?rotective Clothing/Equipment: Wear chemically protective gloves, boots, aprons, and gauntlets to prevent prolonged or 
repeated skin contact. Polyvinyl alcohol and Vito” laminated with Neoprene are suitable materials for PPE. Natural rubber, 
synthetic rubbers, and polyvinyl chloride do not provide protection against methylene chloride. Wear protective eyeglasses or 
chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Contact lenses are not eye 
protective devices. Appropriate eye protection must be worn instead of, or in conjunction with contact lenses. 

safety Stations: Make emergency eyewash stations, safety/quick-drench showers, and washing facilities available in work area. 
Contaminated Equipment: Separate contaminated work clothes from street clothes. Launder before reuse. IRemove methylene 
chloride from your shoes and clean personal protective equipment. 

Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using methylene chloride, especially 
before eating, drinking, smoking, using the toilet, or applying cosmetics. 

t 

Section 9 - Physical and Chemical Properties 
Physical State: Liquid 
Appearance and Odor: Colorless; volatile with a sweet odor. 
Odor Threshold: 20.5 to 307 ppm 
Vapor Pressure: 350 mm Hg at 68 ‘F (20 “C); 440 mm Hg at 
77 “F (25 “C) 

Saturated Vapor Density(Air = 1.2 kg/m3, 0.075 lb/ft 3): 
2.256 kg/m3 or 0.141 lb/ft3 

Formula Weight: 84.9 
Specific Gravity (H20=1, at 4 “C): 1.33 at 15 “C 
Water Solubility: 2% 
OctanoUWater Partition Coefficient: log Kow = 1.25 

Section 10 - Stability and Reactivity 

Other Solubilities: Soluble in alcohol, acetone, chloroform, 
carbon tetrachloride, ether, and dimethylformamide. 

Boiling Point: 104 “F (40 ‘C) 
Freezing Point: - 142 “F (.-97 ‘C) 
Viscosity: 0.430 CP at 68 “F (20 “C) 
Refractive Index: 1.4244 at 68 “F (20 ‘C/D) 
Surface Tension: 0.5 to 2.3 g/L (in oxygen) 
Bulk Density: 11.07 lb/gal at 68 ‘F (20 ‘C) 
Ionization Potential: 11.32 eV 
Critical Temperature: 473 “F (245 “C) 
Critical Pressure: 60.9 atm 

Stability: Methylene chloride is stable at room temperature in closed containers under normal storage and handling conditions. 
Tends to carbonize when vapor contacts steel or metal chlorides at high temperatures 572 to 842 “F (300 to 450 “C). 

Polymerization: Hazardous polymerization does not occur. 
Chemical Incompatibilities: Include aluminum, lithium, sodium, aluminum bromide, azides, dimethyl sulfoxide + perchloric 
acid, N-methyl-N-nitrosourea + potassium hydroxide, sodium-potassium alloy, potassium t-butoxide, dinitrogen pentoxide, 
dinitrogen tetraoxide, nitric acid, and oxidizers. Methylene chloride will attack some forms of plastic, rubber, and coatings. 
Corrodes iron, some stainless steel, copper, and nickel. 

Conditions to Avoid: Exposure to heat, ignition sources, and incompatibles. 
Hazardous Decomposition Products: Hydrogen chloride, carbon monoxide and phosgene. 

Section 11- Toxicological Information 
Toxicity Data: * 

Eye Effects: 
Rabbit, eye: 162 mg caused moderate irritation. 
Skin Effects: 
Rabbit, skin: 8 10 mg/24 hr caused severe irritation. 
Carcinogenicity: 
Rat, inhalation: 3500 ppm/2 yr (intermittently) caused 
endocrine tumors. 

Mutagenicity: 
Rat, oral: 1275 mg/kg caused DNA damage. 
Human, fibroblast: 5000 ppm/l hr (continuously) 
caused DNA inhibition. 

* See NIOSH, RTECS (PA8050000). for additional toxicity data. 

Acute Inhalation Effects: 
Human, inhalation, TCL,: 500 ppm/l yr (inmrmittently) caused 
altered sleep time, somnolence, and change in heart rate. 

Human, inhalation, TCL,: 500 ppm/8 hr caused euphoria. 
Acute Orai Effects: 
Human, oral, LDb: 357 mg/kg caused somnolence, paresthesia, 
and convulsions or effect on seizure threshold. 

Rat, oral, LD50: 1600 mg/kg 
Multiple Dose Toxicity Data: 
Rat, inhalation: 8400 ppm/6 hr/13 weeks (intermittently) caused 
changes in liver weight. 

- 



MSDS No. 310 Methvlene Chloride 6194 
Section 12 - Ecological Information ,^ :?^ ,. I,. 

scotoxicity: Pimephdes prom&s (fathead minnow), LC5o = 193 m&/96 ix; .Lepomis macrochirus (bluegill), LC 50 = 230 
mg/L/24 hr; Poeciliu reticulatu (guppies), LCso = 294 ppm/l4 days. Cytotoxic to plants. 

snvironmental Degradation: In air, methylene chloride degrades by reaction with photochemically-produced hydroxyl radicals 
(half-life = a few months) but does not undergo direct photolysis. Degradation products include carbon monoxide, carbon 
dioxide, and phosgene. In water, it is removed primarily by evaporation (est. half-life = 3 to 5.6 hr under moderate mixing 
conditions). Some may biodegrade but it is not expected to adsorb to sediment or bioconcentrate. If released to soil most 
methylene chloride will rapidly evaporate. Some may leach through soil. Methylene chloride will adsorb to peat moss but not to 
sand. 

Section 13 - Disposal Con&Leratio& ‘,,_ ’ ., 1: 1 ., ,i:.; . . ,I J :: :. ,i :i: 
Xsposal: Pour on sand or earth at a safe distance/location from occupied areas and allow to evaporate (most is transformed to 
carbon monoxide). A good candidate for liquid injection, rotary kiln, or fluidized bed incineration. Investigate biodegradation: 
methylene chloride is reported to completely biodegrade under aerobic conditions with sewage seed or activated sludge 
between 6 hrs. and 7 days. Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable 
Federal, state, and local regulations. 

Section 14 - Transport Information 
DOT Transportation Data (49 CFR 172.101): 

Shipping Name: Dichloromethane Packaging Authorizations Quantity Limitations 
Shipping Symbols: - a) Exceptions: 173.153 a) Passenger, Aircraft, or Railcar: 60 L 
Hazard Class: 6. I b) Non-bulk Packaging: 173.203 b) Cargo Aircraft Only: 22.0 L 
ID No.: UN1593 c) Bulk Packaging: 173.241 
Packing Group: III Vessel Stowage Requirements 
Label: Keep away from food a) Vessel Stowage: A 
Special Provisions (172.102): N36, T13 b) Other: - 

Section 15 - Regulatory Information 
EPA Regulations: 
Listed as a RCRA Hazardous Waste Number (40 CFR 26 1.33): UO80 

. 
3 

ted as a CERCLA Hazardous Substance (40 CFR 302.4) per RCRA, Sec. 3001 and CWA, Sec. 307(a) 
2 RCLA Reportable Quantity (RQ), 1000 lb (454 kg) 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 
SARA EHS (Extremely Hazardous Substance) (40 CFR 355): Not listed 
OSHA Regulations: 
Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-1, Z-l-A) 

Section 16 - Other Information 
References: 1,8,73, 103, 124, 132, 136, 148, 149, 153, 159, 187, 190, 192, 194, 195 

Prepared By ................................. M Gannon, BA 
Industrial Hygiene Review ......... S Gilson, CIH 
Medical Review ........................... J Brent, MD, PhD 

Disclaimer: Judgments as to the suitability of information herein for the purchaser’s purposes are necessarily the purchaser’s 
responsibility. Although reasonable care has been taken in the preparation of such information, Genium Publishing Clorporation 
extends no warranties, makes no representations, and assumes no responsibility as to the accuracy or suitability of such 
information for application to the purchaser’s intended purpose or for consequences of its use. 
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Genium Publishing Corporation Material Safety Data Sheets Collection: I 

OneGeaiumPlam Sheet No. 313 
Schenectady, NY 12304490 USA Perchloroethylene 

(518) 377-8854 Issued: 1 l/78 Revision: E, 9192 
Section 1. Mi&r’ial I~e~tifi~~&j’I.’ :.I: :j:: ‘:. :, :. : j’; :.- :.: ,:,: :j:i: ,:., :;, :. .: ‘. 39 

Perchloroethylene (C,Cl,) Description: By chlorination of hydrocarbons and pyrolysis of the carbon tetrachloride R 1 NE-PA 
that is formed. or by catalytic oxidation of 1.1,2,2-tetrachlomethane. Used in dry cleaning and textile processing, 
metal degreasiag. insulating fluid and cooling gas in electrical transformers, production of adhesives, aerosols, paints. I, 9* 
and coatings; as a chemical intermediate, a solvent for various applications, extractant for pharmaceuticals, a pesticide K 0 

2 O 0 

intermediate, and an antihelmiathic (parasitic worm removal) agent in veterinary medicine. * Skin 49 
Other Designations: CAS No. 127-184, Ankilostin, carbon dichloride, Didakeae, ethylene tekachloride, Perchlor, absorption HMIS 
Percleae, Perk, Tetracap, tetrachloroethylene. H 2t 
Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’ Guidecn) for a suppliers list. F 0 

R tl 

Cautions: Perchlomethyleae is a central nervous system depressant, causes liver and kidney damage (from acute or 
chronic exposures), and is considered an IARC Class 2B carcinogen (animal sufficient evidence, human inadequate data). 

Section 2. .Ingrdie@‘a+,f Occpp+i~~M Exposgri? Ziniit;s ; .;j.,: ;.::i : : : i .‘~:.j~‘:: :: .. .::.I : ij: 
Perchloroethyleae. < 99%. Impurities include a small amount of amine or pheaolic stabilizers. 

t club.ic 
effects 

tSec.8 

1991 OSHA PEL 
8-hr TWA: 25 ppm (170 mg/m3) 

1990 IDLH Level 
500 mm 
1990 NIOSH REL 
NIOSH-X Carcinogen 
Liiit of Quantitatioa: 0.4 ppm 

1992-93 ACGIH TLVs 
TWA: 50 ppm (339 mg/m3) 
STEL: 200 ppm (1357 mg/m3) 
1990 DFG (Germany) MAK 
TWA: 50 ppm (345 mg/m3) 
Category II: substances with systemic 

effects 
Half-life: < 2 hr 
Peak Exposure Limit: 100 ppm. 30 min 
average value. 4khift 

1985-86 Toxicity Data* 
Man, inhalation, TC,: 280 ppm/2 hr caused conjunctival 

irritation and anesthesia. 
Human, lung: 100 mg/L caused unscheduled DNA synthesis. 
Rat, oral, LD,: 3005 mgkg; caused somnolence, tremor, 
and ataxia. 

Raf inhalation, T&,: 200 ppm/6 br given intermittently 
over 2 years produced leukemia and testicular tumors. 

Rabbit, eye: 162 mg caused mild irritation. 
Rabbit, skin: 8 10 mg/24 hr caused severe irritation. 

* See NIOSH, RTJXS (KX385C000), for additional irritation, mutation, reproductive, tumorigcnic, & toxicity data 

Secljon3, phy@w..D&.; : ;: :‘I 1. :.’ :. :I ,’ 1.‘: :;:.-. ,j. ., 

Boiling Point: 250 “F (121.2 ‘C) 
Free&g Point: -8 ‘F i-23.35 “d) 

Density: 1.63 11 at 59 ‘F.( 15/4 “C) 
Water-Solubility: 0.02% at 77 “F (25 “C) 

Vapor Pressure: 13 mm Hg at 68 “F (20 “C) Other Solubilities: Miscible with alcohol, ether, benzene, chloroform, and oils. 
Surface Tension: 31.74 dyne/cm at 68 “F (20 “C) Odor Threshold: 47 to 71 ppm (poor warning properties since olfactory fatigue 
Viscosity: 0.84 CP at 77 “F (25 “C) is probable) 
Refraction Index: 1.50534 at 68 “F (20 “C) Evaporation Rate: 0.15 gaYft%lay at 77 “F (25 “C) 
Molecular Weight: 165.82 Saturated Vapor Density (Air = 0.075 lb/d or 1.2 kglm3): 0.081 lb/ft3 or 1.296 kg/m3 
Appearance and Odor: Colorless liquid with an ether-like odor. 

Section 4. Fir&-arid Explosion .Dat;t ; Y’, ; I ..: : : : j I:: .. : : ; / ; i;!:;-i :: -; 1:: :j : .:, :, I: 1 j ..: 
Flash Point: Nonflammable 1 Autoignition Temperature: Nonflammable 1 LEL: None reported 

::.: ..i 
1 UIEL: None reported 

Extinguishmg Media: For small fires, use dry chemical, carbon dioxide (CO& For large fues, use water spray, fog, or regular foam. 
Unusual Eire or Explosion Hazards: Vapors are heavier than air and collect in low-lying areas. 
Special Fire-fighting Procedures: Because fire may produce toxic thermal decomposition products, wear a self-contained breathing apparatus 
(SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Apply cooling water to sides of container until well after 
fire is out. Stay away from ends of tanks. Do not release runoff from fue coatml methods to sewers or waterways. 
Sp&on:5; iRe&icty Data ,j:, .;:i j:. :jl::. I:; f : 1 ;.ij ; ;. :; ,:I :,i ;‘: i.:,;.;,: j :,i:j::‘::_‘~:i~‘.jijji;_: :~i::.$i::.: ; .,I:::: 1.; : j : :‘::::_::‘:.~ i.; j.:..i:i.l:i.il:i:il~ .. 

Stability/Polymerization: Perchlomethyleae is stable up to 932 “F (500 “C) in the absence of catalysts, moisture, and oxygen but deteriorates 
rapidly in warm, moist climates. It is slowly decomposed by light. Amine or pheaolic stabiirs are usually added. Hazardous polymerization 
cannot occur. Chemical Incompatibiiities: Slowly (faster in presence of water) corrodes aluminum, iron, and zinc. It is iacompatible with 
chemically active metals (i.e., barium, beryllium, and lithium (explodes with lithium shavings), strong oxidizers, sodium h!ydmxide. caustic soda, 
potash, aad nitric acid. Perchlomethyleae forms an explosive mixture with dinitmgea tetraoxide and reacts with activated c:harcoal at 392 ‘F (200 
“C) to yield hexachloroethaae aad hexachlorobeazeae. Conditions to Avoid: Contact with moisture and incompatibles. 
Hazardous Products of Decomposition: Thermal oxidative decomposition of perchloroethyleae can produce carbon dioxide and toxic chlorine., 
hydrogen chloride, and phosgene gas (also produced by contact with W light). 

Carcinogenicity: Percblomethyleae is listed as acarcinogen by The IARC (Group 2B. animal sufficient evidence. human inadequate data)!*w 
NTP (Class 2, reasonably anticipated as a carcinogen, with limited human evidence and sufficient animal evidence),(‘@) NIOSH (Class-X, 
carcinogen defined with no further explanation), (‘64) aad DFG (MAK-B. justifiably suspected of having carcinogenic p~tential)t~~~. There is 
some controversy regarding human carcinogenicity because even though there is aa increased number of cancers of the skin, colon, lung, 
urogenital tract, and lympho-sarcomas; the dry cleaning workers studied were also exposed to other chemicals. Summary of Risks: Perchloro- 
ethylene is stored in the fatty tissue and slowly metabolized with the loss of chlorine. The half-life of its urinary metabolite (trichlomacetic acid) 
is 144 hours. Perchlomethyleae exerts the majority of its toxicity on the cent& nervous system causing symptoms ranging from light- 
headedness aad slight ‘inebriation’ to uacoasciousaess. Liver damage is possible after severe acute or miaor long-term exposure. It has a 
synergistic effect with toluene. canrinvc al nexzpuge 
Cq7ydgtxHl992GxdnmPatWdng~oa hycamsdd vc.ar~altichm1mcpltu~spamta(c.a&pobibl*d 



Section 6. Health Haiard’ Data, continued. : -:I :. . . : -. ..: . . . : 
Mediil Conditions Aggravated by Long-Term Exposure: Nervous, liver, kidney, or skin disorders. Target Organs: Liver, kidney, eyes, 
upper respiratory tract, skin, and central nervous system. Primary Entry Routes: Inhalation and skin and eve contact. Acute Effects: Exw.~;ure to 
bjlgh leveis can &use liver damage which may taki several weeks to deielop. Vapor exposure can cause slight smarting of the eyes and d&z&- 
high concentrations). In human studies, exposure to 2000 ppm/S mia caused mild CNS depression; 600 ppm/lO min caused numbness around he 
.muth. dizziness. and incoordination; 100 ppfl hr caused mild eye, nose, and throat irritation. flushing of the face and neck, headache, somno- 
lence, and slurred speech. Skin contact may produce dermatitis because of perchloroethylene’s defatting action (more common after repeated 
exposure). Direct eye contact causes tearing and burning but no permanent damage. Ingestion is rare but can cause irritation of the lips, mouth and 
gastrdmtestinal tract, irregular heartbeat, nausea 62 vomiting, diarrhea (possibly blood stained), drowsiness, unconsciousness, and risk of pulmo- 
nary edema (fluid in lungs). Chronic Effects: Prolonged exposure can cause impaired memory, extremity (hands. feet) weakness, periphral 
neumpathies, impaired vision, muscle cramps, liver damage (fatty degeneration, necrosis, yellow jaundice, and dark urine) and kidney damage 
(oliguric uremia, conjestion and granular swelliig). 
FIRST AID Rescuers must not enter areas with potentially high perchioroethyfene levels without a self-contained breathing apparatas. 
Eyes: Do ~)f allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuously with floodin,g amounts of 
water until transported to an emergency medical facility. Consult a physician immediately. Ski: Quickly remove contaminated clothing. Rinse 
with flooding amounts of water for at least 15 min. Wash exposed area with soap and water. For reddened or blistered skin, consult a physician. 
Inhalation: Remove exposed person to fresh air and support breathing as needed. Never adminisrer adrenalin’ Ingestion: Never give anything by 
mouth to an unconscious or convulsing person. Contact a poison control center and unless otherwise advised, have that conscious and alert person 
drink 1 to 2 glasses of water, then induce vomiting. Be sure victim’s head is positioned to avoid aspiration of vomitus into the lungs. Note! to 
Physicians: Monitor level of consciousaess, EEG (abnormalaties may indicate chronic toxicity), blood enzyme levels (for 2 to 3 wk after expo- 
sure), EKG, adequacy of respirations & oxygenation, and liver and kidney function. BEls: C&l, in expired air (10 ppm), sample prior to last shift 
of work week; C,C& in blood (1 mg/L), sample prior to last shift of work we& trichloroacetic acid in urine (7 mg/L), samnle at end of workweek. . -.- . 

.. .: ..I.: 1 ..: j ii i i,;” ,, .. .; ;: .’ .:. j . . 
SpiWLeak: Notify safety personnel, isolate and ventilate area, deny entry, and stay upwind. Shut off ignition sources (although noncombustible, it 
forms toxic vapors from thermal decomposition). For small spills, take up with earth, sand, vermiculite, or other absorbent, noncombustible 
material aad place in suitable containers for later disposal. For large spills, dike far ahead of spill and await reclamation or disposal. Report any 
release in excess of 1 lb. Follow applicable OSHA regulations (29 CFR 1910.120). Environmental Transport: If released to soil, perchloroeth- 
ylene evaporates and some leaches to groundwater. It may absorb slightly to soils with heavy organic matter. Biodegradation may be important in 
anaerobic soils. In water, it is subject to rapid volatilization with an estimated half-life from <l day to several weeks. In air, it exists mainly in the 
vapor-phase and is subject to photooxidation with a half-life of 30 minutes to 2 months. JZcotoxicity Values: Guppy (Poecilia rericularu). UJ, = 
18 ppmKJ days; fathead minnow (Pimephaies promelas). LCm = 18.4 mg/U% hr. flow thmugh bioassay. Disposal: Consider recovery by distilla- 
tion. A potential candidate for rotary kiln incineration at 1508 to 2912 “F (820 to 1600 “C) or fluidized bed incineration at 842 to 1796 ‘F (450 to 
980 “C). Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations 
Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. U210 

OSHA Designations 

Iisted as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable 
Listed as an Air Contaminant (29 CFR 1910.1000. 

Quantity (RQ), 100 lb (45.4 kg) [* per CWA Sec. 307 (a)] 
Table Z-l -A) 

jARA Extremely Hazardous Substance (40 CFR 355), TPQ: Not listed 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 

+ytion 8.j ,Spijc@ Pfot&$& Data.‘. :. ..:.;I. :. 1 ... :. i .; 1: ,..‘.; i I .: !,:. ;. ., : 
Goggles: Wear a faceshield (8 inch miniium) per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because contact lens use in 
industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respirator selection and use. Follow OSHA 
respirator regulations (29 CFR 1910.134) and, if necessary. wear a MSHA/NIOSH-approved respirator. For any detectable concentration, use a 
supplied-air respirator or SCBA with a full facepiece operated in pressure demand or other positive-pressure mode. For emergency or nonroutine 
operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Wurning! Air-puriiing respirators do nofprorecr wodzrs in 
oxygen-@icienr atmospheres. If respirators are used, OSHA requires a respiratory protection program that includes at least: medical certification, 
training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning, and coavenieaf sanitary storage areas. Other: Wear 
chemically protective gloves, boots, aprons, and gauntlets made of butyl lubber, Neoprene, or Viton to prevent skin contact. Ventilation: Provide 
general and local exhaust ventilation systems to maintain airborne concentrations below the OSHA PEL (Sec. 2). Local exhaust ventilation is 
preferred because it prevents contaminant dispersion into the work area by controlling it at its source. (‘03) Safety Stations: Make available in the 
work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. Contaminated Equipment: Separate contaminated 
work clothes from street clothes and launder before reuse. Remove this material from your shoes and clean personal protective equipmeat. 
Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, d&king, 
smokinlr. usine the toilet. or aoolvine cosmetics. 
:S&~tjin 9~.Sfi&~,P;&;ti& ana Cdhmen@ 1 1, ;‘i.i,: !..i i : I ~.ijj’i:.i:::,.jl.~ ; j :j :.:.I ‘. i :.:;I ij,j: 1; _” .j ..: :.ii : : ;. ..: 1 
Storage Req&m%s: Prevent physical damage & containers. S&e in a cool, dry, wei-ventilatedarea away from sunlight. and incompatibles. 
Do noi store-sludge from vapor de&easers in tightly-sealed containers and keep o&side until disposal is ar&ged. Engin&ring Cent&: To 
reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants and to maintain coacentrations 
at the lowest practical level. Check stabilizer levels frequently and ventilation equipment (air velocity, static pressure, air valve) at least every 3 
months. Install an air dryer in ventlines to storage tanks to prevent moisture from rusting and weakening the tank and contaminating or discoloring 
its contents. Purge all tanks before entering for repairs or cleanup. Build a dike around storage tanks capable of containing all the liquid. Gmund 
tanks to prevent static electricity. Administrative Controls: Consider preplacement and periodic medical exams of exposed workers that 
emphasize liver, kidney. and nervous system function, and the skin. Alcoholism may be a predisposing factor. 

Transportation Data (49 CFR 172.101) 

DOT Shipping Name: Tetrachloroethyleae Packaging Authorizations Quantity Limitations 
3oT Hazard Class: 6.1 a) Exceptions: 173.153 

b) Non-bulk Packaging: 173.203 
a) Passenger Aircraff or Railcar: 60 L 

D No.: UN1897 b) Cargo Aircraft Only: 220 IL 
.--- -. - . - . . - . . __^_._ lxlT Packing Group: III 

DOT Labek Keep away from food 
Special Provisions (172102): N36, Tl 

c) mm racrcagmg: 113.241 Vessel Stowage Requirements 
a) Vessel Stowage: A 
b)Other:40 



Material Safety Data Sheet 
from Genium’s Reference Collection 

Genium Publishing Corporation 
1145 Catalyn Street 

Schenectadv. NY 12303- 1836 USA 

IVO. 0 I I 

I ,1,2,2-TETRACHLOROETHANE CSP Issued: November 1988 
(518) 377-8855 

GENIUM PUl3LISHlNG CORP. I 
3jKTIQN 1. hWT@IAIi ‘*&~.ENTI:FJCAcliION 27 
Material Name: 1,1,2,2-TETRACHLOROETHANE ‘. 0 .I 

Description (Origin/Uses): Used as a solvent primarily for cleaning and extraction procedures and as a chemical 
ntermediate in the manufacture of trichloroethylene and tetrachloroethylene; and as an analytic reagent by textile 0 

2.. 0 

nanufacturers in polymer characterization tests. Genium 

Xher Designations: Acetylene Tetrachloride; sym-Tetrachloroethane; CHCI,CHCI,; CAS No. 0079-34-5 HMIS 

Manufacturer: Contact your supplier or distributor. Consult the latest edition of theChemiculweek F ii 
R 1 
I 4 

3uyers’ Guide (Genium ref. 73) for a list of suppliers. R 0 
PPG* s - 

*See sect. 8 K -- 

*This material can be absorbed through intact skin, which contributes to overall 
exposure. 
**See NIOSH, RTECS (KI8575000), for additional data with references to 
reproductive, tumorigenic, and irritative effects. 

Human, Oral, TD,: 30 mg/kg, 
Human, Inhalation, TC,: 1000 mg/m’ (30 Mins) 
Raf Oral, LD,,: 800 mg/kg 

Boiling Point: 295 F (146 C) 
Melting Point: -47 F (-44 C) 
% Volatile by Volume: Ca 100 
Vapor Pressure: 6 Tons at 77 F (25 C)* 

Solubility in Water (%): Insoluble 
Specific Gravity (YO = 1): 1 S8658 at 77 F (25 C) 

Appearance and Odor: A colorless, nonflammable, heavy, mobile liquid; sweetish, suffocating, characteristic chloroform odor. The odor 
recognition threshold is reported to be less than 3 ppm. 

*At 77 F (25 C) the concentration of 1,1,2,2-tetrachloroethane in saturated air is approximately 7900 ppm. 

Extinguishing Media: * 1,1,2,2-Tetrachloroethane does not burn. Use extinguishing agents that will put out the surrounding fire.Unusual 
Fire or Explosion Hazards: None reported. Special Fire-fighting Procedures: Wear a self-contained breathing apparatus (SCBA) with 
a full facepiece operated in the pressure-demand or positive-pressure mode to protect against the effects of the nearby fire. 

,;‘L l.,*.i \&$r ,. 

Stability/Polymerization: 1,1,2,2-Tetrachloroethane is stable in closed containers during routine operations at room temperature. 
Hazardous polymerization cannot occur. Chemical Incompatibilities: Hazardous reactions between l,I,2,2-tetrachloroethane and 2,4- 
dinitrophenyl disulfide, nitrogen tetroxide, chemically active metals such as potassium; and strong caustics such as potassium hydroxide, 
sodium, sodium-potassium alloy, hot iron, aluminum, and zinc in the presence of steam are reportcd.Conditions to Avoid: Prevent 
exposure to the incompatible chemicals listed above. Contact with water causes appreciable hydrolysis that will degrade and decompose this 
liquid. Hazardous Products of Decomposition: Thermal-oxidative degradation of 1,1,2,2-tetrachloroethane can produce highly toxic gaser 
such as carbon monoxide (CO) and oxides of chlorine (CIOJ. 

Carcinogenicity: NIOSH lists 1,1,2,2-tetichlorocthane as a carcinogen. 
Summary of Risks 1,1,2,2-Tetrachlorocthane is absorbed through intact skin in significant amounts; one human fatality has been attrib- 
uted to this route of exposure. This liquid is considered to be one of the most toxic of the common chlorinaled hydrocarbons, particularly 
with respect to the liver. Severely acute exposure causes depression of the central nervous system (CNS), which can cause death within I2 
hours. Medical Conditions Aggravated by Long-Term Exposure: None reported. Target Organs: Skin, eyes, respiratory system, 
CNS, gastrointestinal system, liver, and kidneys. Primary Entry: Inhalation, skin contact/absorption. Acute Effects: The initial symp- 
toms of exposure are lacrimation, salivation, and irritation of the nose and throat; continued exposure can lead to nausea, vomiting, and 
narcosis. Also, low blood pressure and cardiac rhythm abnormalities; respiratory depression; nausea, vomiting, burns ofthe esophagus, 
and diarrhea; and anesthesia with dizziness leading to loss of consciousness and coma; plus possible transient liver and kidney changes. 
Chronic Effects: The two sets of manifestations are (1) malaise, drowsiness, decreased appetite, then nausea and retching, a bad taste in 
the throat, constipation, headache, pale stools, jaundice, and dark urine, as well as mental confusion, stupor* and coma; and (2) hand 
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S.ECT$ON 6, .$IjiX&TH l&GMRD l.NFQRMATION, cwt. 
tremors, sensation of deafness, numbness in hands and feet, a decrease in reflexes, headache, and nausea. FIRST AID: Eyes. Irnme&ately 

flush eyes, including under the eyelids, gently but thoroughly with flooding amounts of running water for at least 15 minutes. Skin. Rinse 
the affected areas with flooding amounts of water, then wash it with soap and water.Inhalation. Remove the exposed person to fresh air; 
restore and/or support his or her breathing as needed. Have qualified medical personnel administer oxygen as required. Keep the exposed 
person warm and at rest until medical help is available. Ingestion. Unlikely. Should this type of exposure occur, give the exposed person 3 
glasses of water to drink and induce vomiting, then repeat this procedure.Get medical help (in plant, paramedic, community) for all 
exposures. Seek prompt medical assistance for further treatment, observation, and support after first aid.Note to Physician: Workers 
exposed to this liquid should be evaluated with a full battery of tests for the liver, kidneys, and CNS systems, as well as the blood. 

Spill/Leak: Notify safety personnel, evacuate unnecessary personnel, and provide adequate ventilation. Cleanup personnel must be prop- 
erly clothed and equipped to protect the skin and eyes against any contact with the liquid as well as inhalation of its vapor (see sect. 8). 
Vacuum the spilled 1,1,2,2-tetrachloroethane and pump it into suitable containers for disposal. Waste Disposal: Contact your supplier 
or a licensed contractor for detailed recommendations. Follow Federal. state, and local regulations. 

OSHA Designations 
Listed as an Air Contaminant (29 CFR 1910.1000 Subpart Z). 
EPA Designations (40 CFR 302.4) 
RCRA Waste, No. U209 
CERCLA Hazardous Substance, Reportable Quantity: 1 lb (0.454 kg), per the Clean Water Act (CWA), $307 (a); and the Resource 
Conservation and Recovery Act (RCRA), 9 3001. 

Goggles: Always wear protective eyeglasses or chemical safety goggles. Where splashing of this liquid is possible, wear a full face 
shield. Follow OSHA eye- and face-protection regulations (29 CFR 1910.133). Respirator: Use a NIOSH-approved respirator per 
Genium reference 88 for the maximum-use concentrations and/or the exposure limits cited in section 2. Follow OSHA respirator regula- 
tions (29 CFR 1910.134). For emergency or nonroutine operations (spills or cleaning reactor vessels and storage tanks), wear an SCBA. 
Warning: Air-purifying respirators will not protect workers in oxygen-deficient atmospheres. Other: Wear impervious gloves, boots, 
aprons, gauntlets, etc., to prevent skin contact with this Iiquid.Ventilation: Install and operate general and local ventilation systems 
powerful enough to maintain airborne levels of this material below the OSHA PEL standard cited in section 2. Local exhaust ventilation 
is preferred because it prevents dispersion of the contaminant into the general work area by eliminating it at its source. Consult the latest 
edition of Genium reference 103 for detailed recommendations. Safety Stations: Make emergency eyewash stations, safety/quick-drench 
showers, and washing facilities available in work areas. Contaminated Equipment: Contact lenses pose a special hazard; soft lenses 
may absorb irritants, and all lenses concentrate them. Donot wear contact lenses in any work area. Remove contaminated clothing and 
launder it before wearing it again; clean this material from your shoes and equipment.Comments: Practice good personal hygiene; 
always wash thoroughly after using this material and before eating, drinking, smoking, using the toilet, or applying cosmetics. Keep it off 
your clothing and equipment. Avoid transferring it from your hands to your mouth while eating, drinking, or smoking. Dolor eat, drink, 
or smoke in any work area. Do not inhale 1,1,2,2-tetrachloroethane vapor. 

Storage/Segregation: Store 1,1,2,2-tetrachloroethane in closed, airtight containers in a cool, dry, well-ventilated area away fr,om incom- 
patible chemicals (see sect. 5). Special Handling/Storage: Provide storage areas with adequate ventilation to prevent concentrations of 
the vapor from building up beyond the occupational exposure limits cited in section 2. 

I 
Transportation Data (49 CFR 172.101-2) 

DOT Shipping Name: Tetrachloroethane 
DOT Hazard Class: ORM-A 
ID No. UN1702 
DOT Packaging Requirements:49 CFR 173.620 
DOT Packaging Exceptions: 49 CFR 173.505 

IMO Shipping Name: 1,1,2,2-Tetrachlorocthae 
IMO Hazard Class: 6.1 
IMO Label: Poison 
IMDG Packaging Group: II 

References: 1,38,84-94, 100, 116, 117, 120, 122. 
Judgments as to the suitability of information herein for purchaw’s purposes are 
ncccssvily purchasds responsibility. Thaefce, although rcasowable care has 

Prepared by: PJ Igoe, BS 

--~ been taken in the preparation of suds infom&on. Gcnium Publishing Cap. 
extends no warranties, makes no rqresentationr and asumcs no responsibility Industrial Hygiene Review: DJ Wilson, CIH 

- 
as to the accuracy or suitability of such information for application to 
purchasds intended pwposcs or for wnsequawxs of its use. 9 Medical Review: W Silverman, MD 
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aromatization of saturated aromatic hydrocarbons or by fractional distillation of coal-tar light oil and puri&d by rectiflca.. 
tion Used widely as a solvent (replacing benzene in many cases) for oils, resins, adhesives, natural rubber, coal tar, asphalt, 
pitch, acetyl celluloses. cellulose paints and varnishes; a diluent for photogravure inks, raw material for organic synthesis 
(benzoyl & benxilidene chlorides, saccharine, TNT, toluene diisocyarrate, and many dyestuffs), in aviation and high octane 
automobile gasolii as a nonclinical thermometer liquid and suspension solution for navigational instruments. absorption 
Other Designations: CAS No. 108-88-3. Methacide, methyl- methylbenzol. phenylmethane, toluol, Tolu-sol. 
Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’ Guides) for a suppliers list 

Cautions: Toluene is an eye, skin, sod respimtory tract irritant becoming narcotic at high centrations. Liver and kidney damage 
has occurred. Pregnant women chronically exposed to toluene have shown teratogenic effects. Toluene is highly Bammab~le. PPE-~ec. s ,...,.,., ._.,.,.,.,.,., (:.::L-.:.*. :. :_. ~~~~i~~~~~~;~,~~~~~~~~~~~~~~~~I~~~~~~~.~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i~~i~~~~~~~~~~~~ 
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Toluene. c 100%; may contain a small amount of benzene (- 1%). xylene, and nonaromatic hydrocarbons. 
l991OSHAPELs - 
S-hr TWA: 100 ppm (375 mg/m3) 
15&n STlZ 150 ppm (560 mg/m3) 

1990 IDLH Level 
2@Qvm 
1990 NfOSH RELs 
TWA: 100 ppm (375 mg/m3) 
STEL: 150 ppm (!%O mg/m3) 
* Avail&k inform&m ~a~~ dpmage to 

199293 ACGIH TLV (Skin) 
TWA: 50 ppm (188 mg/m3) 

1990 DFG (Germany) MAE* 
TWA: 100 ppm (380 mg/m3) 
Half-life: 2 hr to end of shift 
Category II: Substances with systemic effects 
Peak Exposure Liir 500 ppm, 30 min 

average value. Ushift 

the develooins fetus is n&able. 

1985-86 Toxkity Data? 
Man. inhalation, TC&t 100 ppm caused hallucinations, 

and changes in motor activilty and changes in 
psychophysiological tests. 

Human, oral, LD,: 50 mg/kg; toxic effects not 
yet reviewed 

Human, eye: 300 ppm caused irritation. 
Rat, oral, LDso: 5000 mgJkg 
RN liver 30 pmol/L caused IDNA damage. 

See NIOSH. RTECS (X.SCklGO). f& additional ir&i&. mu&u. nproduclive, and toxicity data. 
s:sw& . ..i.?‘.>.: . . . . . . . ,., .,,., ,.,.,., ,.,.., ;,.:.., ,. . . ,.:.. . . :: / . . . . / . ../ : . . . . . . . . . . . . . . . . . . . . . . >,.:, : 
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Bolllng Point 232 ‘F (110.6 ‘C) Water Solubllity: Very slightly soluble, 0.6 mg/L at 68 ‘F (20 ‘C) 
Melting Point: -139 l F (-95 ‘C) Other Solubllitles: Soluble in acetone, alcohol. ether, benzene. chloroform, glacial acetic 
Molecular Weight: 92.15 acid, petroleum ether, and carbon disulfide. 
Den&y: 0.866 at 68 ‘F (20/4 ‘C) Vapor Pressure: 22 mm Hg at 68 l F (20 ‘C); 36.7 mm Hg at 86 l F (30 ‘C) 
Surface Tension: 29 dyne/cm at 68 ‘F (20 ‘C) Saturated Vapor Density (Air = 0.075 Ib/fts or 1.2 kg/mS: 0.0797 lb/ft3 or 1.2755 kg/m3 
Vlscuslty: 0.59 CP at 68 ‘F (20 C) Odor Threshold (range of all referenced values): 0.021 to 69 ppm 
Refraction Index: 1.4967 at 20 ‘C/D 

Appearnnce and Odor: Colorless liquid with a sickly sweet odor. 

Extingnishing Media: Toluene is a Class lB flammable liquid. To fight fire, use dry chemical carbon dioxide, or ‘alcohol-resistant’ foam. Water 
spray may be ineffective as toluene floats on water and may actually spread fire Unusual Fire or Explosloo Hazards: Concentrated vapors are 
heavier than ah and may travel to an ignition source and Bash back. Container may explode in heat of fire. Tolucnes’ bunning rate = 5.7 mm/mm 
and its flame speed = 37 cm/set. Vapor poses an explosion hazard indoors, outdoots, and in sewers. May accumulate static electricity. Special 
Fire-flghthtg Procedures: Because fue may produce toxic thermal decomposition products, wear a self-contained breathing apparatus (SCBA) 
with a full facepiece operated in pressuredemand or positive-pressure mode. Structural firefighter’s protective clothing provides only limited 
protection. Apply cooling water to sides of tanks until well after fire is out Stay away from ends of tanks. For massive fire in cargo area, use 
monitor nozzles or unmanned hose holders; if impossible, withdraw from fire and let bum. Withdraw immediately if you hear a rising sound from 
venting safety &vice or notice any tank discoloration due to fire because a BLEVE (boiing liquid expanding vapor explosion) may be imminent 
Do not release runoff from fire control methods to sewers or waterways. 
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Stabllity/Polymerkntion: Toluene is stable at room temperature in closed containers under normal storage and handling conditions. Hazardous 
polymerization can’t occur. Chemkal Incompatibllitks: Strong oxidizers. concentrated nitric acid. nitric acid + sulfuric acid, dinitrogen tenoxide 
silver perchlorate. bromine hifluoride, tetranitromethane and 1,3dichloro-S&limethyl-2&midazolididione. Conditions to Avold: Contact with 
heat, ignition sources, or incompatibles. Hazardous Products of Decomposltlon: Thermal oxidative decomposition of toluene can produce carbon 
dioxide, and acrid, irritating smoke. 

Cnrc1nogenklty: The IARC.(re9 NTp!l@) and OSHA(164) do not list toluene as a carcinogen. Sumtnary of Risks: Toluene is irritating to the eyes, 
nose, and respbtory tract Inhalation of high cmcentrations produces a narcotic effect sometimes leading to coma as well as liver and kidney 
damage. 93% of inhaled toluene is retained in the body of which 80% is metabolized to benzoic acid. then to hippuric acid and excreted in urine. 
The remainder is metabolized to o-cresol and excreted or exhaled unchanged. Toluene metabolism is inhibited by alcohol1 ingestion and is synergis- 
tic with benzene, asphalt fumes, or chlorinated hydrocarbons (i.e. perchloroethylene). Toluene is readily absorbed through the skin at 14 to 23 mg/ 
cm2/hr. Toluene is absorbed quicker during exercise than at rest and appears to be retained longer in obese versus thin vi~ctims; presumably due to it 
lipid solubiity. There is inconsistent data on toluene’s abiity to damage bone marrow; chronic poisoning has resulted in anemia and leucopenia witi 
biopsy showing bone marrow hype-plasia. These reports are few and some authorities argue that the effects may have been due to benzene contami 
nanti. Chronic inhalation during pregnancy has been associated with teratogenic effects on the fetus includmg microcephaly, CNS dysfunction, 
attentional deficits, developmental delay + language impairment, growth retardation, and physical defects including a small midface, short palpebra 
fssures. with deep-set eyes, low-set czus. flat nasal bridge with a small nose, micrognathia, and blunt fmgertips. There is some evidence that toluen 
causes an autoimmune ilhress in which the body produces antibodies that cause inflammation of its own kidney. continue on nul pa 
cL!q&hco1992-F-abliic~ -’ An~cmmnrtl~orrcpodnuialrimoulth:pnbliis~~ hpohibibd 



kidney. skin. Primary I&t-y Rout& I&&ion, skin contact/absorption. Acute Effects: Vapor inhalation causes respiratory tract irritation, fatigue, 
weah~s, confusion, dizziness, headache, dilated pupils, watering eyes, nervousness. insomnia, parasthesii, and vertigo progressing to narcotic coma. 
Death may result from cardiac arrest due to ventricular fibrillation with catecholamii 10% Liquid splashed in the eye causes conjunctival irrita~on, 
transient comeal damage and possible burns. Prolonged skin contact leads to drying and fissured dermatitis. Ingestion causes GI tract irritation and 
symptoms associated with inhalation. Chronic Effects~ Symptoms include mucous membrane irritation, headache, vertigo, nausea, appetite loss and 
alcohol intolerance. Repeated heavy exposure may result in encephalopathies (cerebellar ataxia and cognitive dysfunction), liver enlargement, and 
kidney dystrophy (wasting away). Symptoms usually appear at workdays end, worsen at weeks end and decrease or disappear over the weekend 
FIRST AID Eyes: Do nor allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuouslly with floodiig 
amounts of water until transported to an emergency medical facility. Consult an ophthalmologist immediately. Skin: Quickly remove contaminated 
clothing. Rinse with floodiig amounts of water for at least 15 min. Wash exposed area with soap and water. Inhalation: Remove exposed person to 
fresh air and support breathing as needed. Ingestion: Never give anythiig by mouth to an unconscious or convulsiig person. Contact a poison control 
center and unless otherwise advised, have that conscious and alert person drink 1 to 2 glasses of water to dilute. Do not induce vomiting because of 
danger of aspiration into the lungs. Gastric lavage may be indicated if large amounts are swallowed, potential toxicity needs to be weighed against 
aspiration risk when deciding for or against gastric lavage. Note to Physicians: Monitor cardiac function. If indicated, use epincphrine and other 
catecholammes carefully, because of the possibility of a lowered myocardial threshold to the atrhythmogenic effects of such substances. Obtain CBC. 
electrolvtes. and urinalvsis. Monitor arterial blood eases. If toluene has > 0.02% (200 ppm) benzene, evaluate for potential benzene toxicity. BEI: 

SpWLeak: Notify safety personnel, isolate and ventilate area, deny entry, and stay upwind. Cleanup personnel protect against inhalation and skin/eye 
contact. Use water spray to cool and disperse vapors but it may not prevent ignition in closed spaces. Cellosolve. hycar absorbent materials, and 
fluorocarbon water can also be used for vapor suppression/containment Take up small spill with earth, sand, vermiculite, or other absorber& 
noncombustible material. Dike far ahead of large spills for later reclamation or disposal. For water spills, (10 ppm or greater) apply activated carbon at 
10X the spilled amount and remove happed material with suction hoses or use mechanical dredgesfli to remove immobilized masses of pollutants 
and precipitates, Toluene can undergo fluidizcd bed incineration at 842 to 1796 ‘F (450 to 980 l C), rotary kiln incineration at 1508 to 2912 ‘F (820 to 
1600 ‘C). or liquid injection incineration at 1202 to 2912 l F (650 to 1600 l C). Follow applicable OSHA regulations (29 CFR 1910.1.20). Ecotoxlcity 
Values: Blue gill, LC, = 17 mgN24 hr, shrimp (Cr~go&rcis coron). I&, = 4.3 ppm/?36 b, fathead minnow (PimephuZes promelar), L&, = 36.2 
mg/V% hr. Environmental Degradation: If released to land, toluene evaporates and undergoes microbial degradation. In water, toluene volatilizes 
and biodegrades with a halflife of days to several weeks. In air, toluene degrades by reaction with photochemically produced hydroxyl radicals. 
Disposal: Treat contaminated water by gravity separation of solids, followed by skimming of surface. Pass through dual media filtration and carbon 
absorption units (carbon ratio 1 kg to 10 kg soluble material). Return waste water from backwash to gravity separator. Contact your supplier or a 
licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations OSHA Designations 
Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. U220 Listed as an Air Contaminant (29 CFR 1910.1030, Table 2-l-A) 
SARA Extremely Hazardous Substance (40 CFR 355), TPQ: Not listed 
Listed as a CERClA Hazardous Substance* (40 CFR 302.4): Fiil Reportable Quantity (I@). 1000 lb (454 kg) 

[*per RCRA, Sec. 3001; CWA, Sec. 311 (b)(4); CWA, Sec. 307 (a)] 
Listed as a SARA Toxic Chemical (40 CFR 372.65): Not listed 
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Goggles: Wear protective eyeglasses with shatter-resistant glass and side-shields or chemical safety goggles, per OSHA eye- and face-protection 
regulations (29 CFR 1910.133). Because contact lens use in industry is controversial, establish your own policy. Respirator: Seek professional 
advice prior to respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSH&NIOSH- 
approved respirator. For < 1000 ppm, use any chemical cartridge respirator with appropriate organic vapor cartridges, any supplied-air respirator 
(SAR), or SCBA. For < 2ooO ppm, use any SAR operated in continuous-flow mode, any SAR or SCBA with a full facepiece, or any air-purifying 
respirator with a full facepiece having a chin-style, front or back mounted organic vapor canister. For emergency or nonroutine operations (cleaning 
spills, reactor vessels. or storage tanks), wear an SCBA. Warning! Air-purifying respirators do not protec! workers in oxygen-dejicient afmospheres. 
If respiratots are used, OSHA requires a written respiratory protection program that includes at least: medical certification, training, fit-testing, 
periodic environmental monitoring, maintenance, insptxtion, cleaning, and convenient, sanitary storage areas. Other: Wear chemically protective 
gloves, boots, aprons, and gauntlets to prevent skin contact. Polyvinyl alcohol with a breakthrough time of > 8 hr. Teflon and Viton are recom- 
mended as suitable materials for PPE. Ventilation: Provide general and local exhaust ventilation systems to maintain airborne concentrations below 
the OSHA PEIS (Sec. 2). Local exhaust ventilation is preferred because it prevents contaminant dispersion into the work area by controlling it at its 
source.@%afety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. 
Contamhxated Equipment: Separate contaminated work clothes from street clothes and launder before reuse. Remove toluene from your shoes and 
cleau PPE. Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, 
drinking, smoking, using the toilet, or applying cosmetics. 

p&b&. Outside or detached storage is prefetred. If stored inside, use a standard flammable liquids warehouse, room, or cabinet To prevent static 
sparks, electrically ground and bond all equipment used with toluene. Do not use open lights in toluene areas. Install Class 1. Group D electrical 
equipment Check that toluene is free of or contains < 1% benzene before use. Engineering Controls: To reduce potential health hazards, use 
sufficient dilution or lwal exhaust ventilation to control airborne contaminants and to maintain concentrations at the lowest practical level. Adminis- 
trative Controls: Adopt controls for confuted spaces (29 CFR 1910.146) if entering areas of unknown toluene levels (holes, wells, storage tanks). 
Consider preplacement and periodic medical exams of exposed workers that emphasii the CNS. liver, kidney, and skin. Include hemocytometric 
and thrombocyte count in cases where benzene is a wntaminan t of toluene. Monitor air at regular intervals to ensure effective ventillation. 

Transportation Data (49 CFR 172.101) 
DOT Shippi Name: Toluene 
DOTHazard 33 ass: 3 

Packagin Authorizations 
P 

uantity Limitations Vessel Stowage Requirements 

ID No.: UN1294 
a) Except ons: 150 9 
b) Non-hulk Packag 

9 
: 202 

a Passenger Aircraft or Railcar: 5L 
b) Cargo Aircraft Only: 6OL 

‘t&w-- Stowage: B 
:- 

DOT Packlo Group: II 
DOT Label: a-able Liquid 

c) Bulk Packaging: 24 

SPdd l’rovisiom (172.102): Tl 

M.sDs cddion Referents: 26.73,lOtl. 101,103,124,126,127,132,140,148,153,159,1fj3,164,167,169,171, 174.175,176,lg0. 
RepVd by: M G-m. BA: Industrial Hygiene Review: PA Roy. UH, MPH; Medical Review: AC Darlington, MD. MPH 
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Material Safety Data Sheet 
from Genium’s Reference Collection 

Geniwn Publishing Corporation 
1145 catalyn street 

Schenectady, NY 12303-1836 USA 
(518) 377-X855 OENIUM PUBIASHINQ CORP. 

Material Name: 1,1,2-TRICHLOROEXHANE 0 

Description (Origiflses): Prepared by the catalytic chlorination of ethane or ethylene. Used as a 
@ 

1 0 

;olvent for fats, waxes, natural resins, and alkaloids. 

Dther Designations: B-Trichloroethane; Ethane Trichloride; Vinyl Trichloride; CHQCHCJ; 
Genium 

ZAS No. 0079-00-5 P? R 1 
Manufacturer: Contact your supplier or distributor. Consult the latest edition of the Chemicalweek F 0 I 4 

Buyers’ Guide (Genium ref. 73) for a list of suppliers. 
R C) 
PPGf s 2 

*See sect. 8 KO 
.(.,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1,1.2-Trichloroethane, CAS No. 0079-00-S 1 Cal00 1 OSHA PEL, (Skin*) 

*This material can be absorbed through intact skin, which 
contributes to overall exposure. 
**See NIOSH, RTECS (KJ315oooO), for additional data with 
references to irritative, tumorigenic, and mutagenic effects. 

8-k TWA: 10 ppm, 45 mgld 

ACGIH TLV (Skin*), 1988-89 
TLV-TWA: 10 ppm, 45 mg/m3 

MOSHI REL 
Lowest Feasible Level 

Toxicity Data** 
Rat, Oral, LQ,: 580 mg/kg 
Rat, Inhalation, LC,: 500 ppm (8 Hrs) 

Molecular Weight: 133 Grams/Mole 
Melting Point: -33-F (-36’C) 
% Volatile by Volume: 100 
Vapor Pressure: 19 Ton-s at 68-F (20°C) 

Solubility in Water (%): Insoluble 
Specific Gravity -0 = 1): 1.4416 at 68°F (20°C) 

Appearance and Odor: A colorless, nonflammable liquid; sweet, pleasant odor resembling chloroform. 

1 Autoignition Temperature* 1 LEL* 1 UEL* 

Extinguishing Media: *1,1,2-Trichlorocthane does not burn. Use an extinguishing agent such as “alcohol” foam, water s:pray, carbon 
dioxide, or dry chemical to put out the surrounding fm. 

Unusual Fire or Explosion Hazards: None reported. 

Special Fire-fighting Procedures: Wear a self-contained breathing apparatus (SCBA) with a full facepiece operated in the pressurc- 
demand or positive-pressure mode to protect against the harmful effects of the surrounding fire. 

Hazardous polymerization cannot occur. 

Chemical Incompatibilities: 1,1,2-Trichloroetbane can react dangerously with strong caustics such as sodium hydroxide and 
chemically active metals such as sodium, potassium, powdered magnesium, aluminum, and sodium-potassium alloys. 

Conditions to Avoid: Prevent exposure to these incompatible materials. 

Hazardous Products of Decomposition: Thcz-mal-oxidative degradation of this liquid can produce toxic gases such as carbon 
monoxide (CO) and oxides of chlorine (ClOJ. 



No. 679 1,1.2-TRICHLOROETHANE 1 l/88 

Carcinogen&y: 1.1,2-Trichloroethane is not listed as a carcinogen by the NTP, IARC, or OSHA. 
Summary of Risk Inhaling 1.1.2~trichloroethane vapor or absorbing the liquid through the skin depresses the central nervous system 
(CNS), which can progress to narcosis. Adminiitration of thii liquid to experimental animals has produced liver damage (fatty degeneration) 
and has induced cancer of the liver in mice. 1,1,2-Trichloroethane is 10 to 20 times mom toxic than the trichloroethylene congener. Medical 
Conditions Aggravated by Long-Term Exposure: Persons with a history of chronic respiratory, liver, or kiduey disease may 
be at increased risk from exposure to this liquid. Preplacement questionnaires are recommended. Target Organs: Skin, eyes, CNS. respira- 
tory system, liver, and kidneys. Primary Entry: Inhalation, skin contact/absorption. Acute Effectsz Irritation of skin, eyes, nose, throat, 
and mucous membranes; and anesthesia manifested by CNS effects such as headache, dizziness, drowsiness, and incoordmation.Chronic 
Effects: Liver and kidney damage and eventually coma and death may occur. Removal from exposure will reverse this progression. 
FIRST AID: Eyes. Immediately flush eyes, including under the eyelids, gently but thoroughly with flooding amounts of running water for 
at least 15 minutes. Sl&. Rinse the affected area with flooding amounts of water, then wash it with soap and water. Inhalatiou. Remove the 
exposed person to fresh air, restore and/or support hi or her breathing as needed. Have qualified medical personnel administer oxygen as 
required. Keep the exposed person warm and at rest until medical help is available. Ingestion. Unlikely. Get medical help (ii plant, 
paramedic, couununity) for aU exposures. Seek prompt medical assistance for further treatmenf observation, and support after first aid. 

protective clothing and equipment (see sect 8). Soak up the spilled 1.1.2~trichlorcethane onto a suitable absorbent such as vermiculite or 
sawdust and place it into containers suitable for disposal. Waste Disposal: Contact your supplier or a licensed contractor for dletailcd rec- 
ommendations. Follow Federal, state, and local regulations. 
OSHA Designations 
Listed as an Air Contaminant (29 CFR 1910.1ooO Subpart Z). 
EPA Designations (40 CFR 302.4) 
RCRA Waste, No. U227 
CERCLA Hazardous Substance, Reportable Quantity: 1 lb (0.454 kg), per the Clean Water Act (CWA), 8 307 (a); and the Resource 
Conservation and Recovery Act (RCRA). 3 3001. 
s~:~~~~:~~~~~~~~~~~~~,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. . . . I.. . . ..i ..\. . ..\ i........ ..\..l........... ..*... 
Goggles: Always wear protective eyeglasses or chemical safety goggles. Where splashing is possible, wear a full face shield. Follow OSHA 
eye- and face-protection regulations (29 CFR 1910.133). Respirator: Use a NIOSH-approved respirator per Genium reference 88 fcp the 
maximum-use concentrations and/or the exposure limits cited in section 2. Follow OSHA respirator regulations (29 CFR 1910.134). For 
emergency or nonroutine operations (spills or cleaning reactor vessels and storage tanks), wear an SCBA. Warning: Air-purifying respira- 
tors will not protect workers in oxygen-deficient atmospheres. Other: Wear impervious gloves, boots, aprons, and gauntlets, etc., to prevent 
skin contact with 1,1,2-trichloroethane. Ventilation: Install and operate general and local ventilation systems powerful enough to maintain 
airborne levels of this material below the OSHA PEL standard cited in section 2. Local exhaust ventilation is preferred because it prevents 
dispersion of the contaminant into the general work area by eliminating it at its source. Consult the latest edition of Genium reference 103 for 
detailed recommendations, Safety Stations: Make emergency eyewash stations, safety/quick-drench showers, and washing facilities 
available in work areas. Contaminated Equipment: Contact lenses pose a special hazard, soft lenses may absorb irritants, and all lenses 
concentrate them. Do not wear contact lenses in any work area Remove contaminated clothing and launder it before wearing it again, clean 
this material from your shoes and equipment. Comments: Practice good personal hygiene; always wash thoroughly after using this material 
and before eating, drinking, smoking, using the toilet, or applying cosmetics. Keep it off your clothing and equipment. Avoid transferring it 
from your hands to your mouth while eating, drinking, or smoking. Do not eat, drink or smoke in any work area. Do not inhale 1,1,2- 
trichloroethane vapor. 

Storage/Segregation: Store 1,1,2&chloroethane in closed containers in a cool, dry, well-ventilated area away from incompatible chemi- 
cals (see sect. 5). Special HandIinglStorage: Storage facilities must have adequate ventilation because this volatile liquid can evaporate 
and build up hazardous concentrations in these areas. 

Transportation Data (49 CFR 17X101-2): Not Listed 

References: 1.38. 84-94, 100.116,117, 120, 122, 
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Genium Publishing Corporation 
One Genium Plaza Sheet No. 312 

Schenectady, NY 123044690 USA Trichloroethylene 

@18) 377-8854 

Section 1. Material Iden@kati.tpi :’ : 
Issued:/79 Revision: F, 9/92 

..: 
Trichloroethylene (C,HCI’3, Description: Derived by treating tetrachloroethane with lime or other alkali in the presence of 

39 
R 1 NFPA 

water, or by thermal decomposition of tetrachloroethane followed by steam distillation. Stabiirs such as epichlorohydrii I 2 
isobutanol. carbon tetrachloride, chloroform, benzene, or pentanol-2-triethanolamine are then added. Used as a degreasing 
solvent in electronics and dry cleaning, a chemical intermediate, a refrigerant and heat-exchange liquid, and a diuent in paint 

s 2* 220 

and adhesives; in oil, fat, and wax extraction and in aerospace operations (flushing liquid oxygen). Formerly used as a 
ps,,’ 

fumigant (food) and anesthetic (replaced due to its hazudous decomposition in closed-circuit apparatus). 
absorption @ 

Other Designations: CAS No. 79-01-6; acetylene tichloride; Algylen; Anamenth; Benzinol; Cecolene; Chlorylen; Dow- iEt 
Tri; ethylene trichloride; Germalgene; Narcogen; Triasol; trichlomethene; TCE; 1,1,3-trichloroethylene. 
Manufacturer: Contact your supplier or distributor. Consult latest Cknical Week Bqers’Gti&(73) for a suppliers list c ; 

PPES 
t chronic 

Cautions: TCE is irritating and toxic to the central nervous system (CNS). Inhalation of high concentrations have lead to death due to 
ventricular fibrillation. Chronic exposure may lead to heart, liver, and kidney damage. The liquid is absorbed through the skim. Although g2F 
it has a relatively low flash point, TCE bums with difficulty. 

Section 2. Ingredients and. Occupa~o@ .Exposure .Li@ ; : .:: ,: j j + i : ::: .: 
Trichlkethylene. < 100% [contains stabilizers (Sec. l)]. 
1991 OSHA PELs 1992-93 ACGIH TLVs 
S-br TWA: 5O ppm (270 mg/m’) 
15min STEL: 200 ppm (1080 mg/m3) 

TWA: 50 ppm (269 mg/m3) 
1985-86 Toxicity Data* 

STEL: 2OO ppm (1070 mg/m3) 
Hum& inhalation, TCh: 160 ppm/83 min caused 
hallucinations and distorted perceptions. 

1990 IDLH Level 1990 DFG (Germany) MAK Human, lymphocyte: 5 mlJL caused DNA inhibition. 
1000 wm Ceiling: 50 ppm (270 mg/m3) Rabbit, skin: 500 mg/24 hr caused severe irritation. 
1990 NIOSH REL Category II: Substances with systemic effects 
10&r TWA: 25 ppm (-135 mg/m3) Half-life: 2 br to shift length 

Rabbit, eye: 20 mg/24 hr caused moderate irritation. 

Peak Exposure Limit: 250 ppm, 30 min 
Mouse, oral, TDh: 45-S mgkg administered intermit- 

average value; 2 peaks/shift 
tently for 78 weeks produced liver tumors. 

1 * See NIOSH, RTECS (KX4550000), for additional irritation, mutation, reproductive, tumotigenic and toxicity data. 

Section 3. Physical Dat% : :: 
Roiling Point: 189 “F (87 ‘C) 
Freezing Point: -121 “F (-85 “C) 
Viscosity: 0.0055 Poise at 77 “F (25 “C) 

Vapor Pressure: 58 I& Hg at 68 ai (20 “C). 100 mm Hg at 32. “F (0 ‘C) 
Saturated Vapor Density (Air = 0.075 lbslf;J; 1.2 kg/m3): 0.0956 lbs/ft3; 153 kg/m3 
Water Solubility: Very slightly soluble; 0.1% at 77 ‘F (25 “C) 

Molecular Weight: 131.38 Other Solubilities: Highly soluble in organic solvents (alcohoL, acetone, ether, carbon 
Density: 1.4649 at 20/4 “C tetrachloride, & chloroform) and lipids. 
Refraction index: 1.477 at 68 “F (20 “C/D) Surface Tension: 29.3 dyne/cm 
Odor Threshold: 82 to 108 ppm (not an t$ecfive warning) 

Appearance and Odor: Clear. colorless (sometimes dyed blue), mobile liquid with a sweet chloroform odor. 

Section 4.. Fire agd Exp@ion’&j@’ .. :.: i I ‘. I: i ; :..::I’ : ,j. : ;. j.1 : : ; : : : 
Flash Point: 90 ‘F (32 ‘C) CC putoignition Temperature: 788 ‘F (420 ‘C) ILEL: 8% (25 ‘C); 12.5% (1OO “C)IIJEL: 10% (25 ‘C); m. (1~ *b) 
Extinguishing Media: A Class 1C Flammable Liquid. Although it has a flash point of 90 “F, TCE burns with difficulty. For small fm. use h 
chemical, carbon dioxide, water spray, or regular foam. For large fires, use wakr spray, fog, or regular foam. Unusual~Fire or Explosi& Ha&&s: 
Vapor/air mixtures may explode when ignited. Container may explode in beat of fue. Special Fire-tighting Procedures: Becase fire may produce 
toxic thermal decomposition pnxlucts. wear a selfcontained breathing apparatus (SCBA) with a full facepiece operated in pnessuredemand or 
positive-pressure mode. Structural fuefighters’ protective clothing provides only liikd protection against TCE. Apply cooling water to sides of 
container until well after fue is out Stay away from ends of tanks. Do not release runoff fmm fire control methods to sewers or waterways. 

Seccon.5. .Rwctiy$ty Data::;:::; .j i :;~:-.~c: j. :; ; +i.; .: :.. ; j T:.:; 1:: ; j I I.j;.:: :j:j; $?;.: : : . . .: ..,_: j : : ; j L, ;.. ::: : : ;:i :.: : .: :.,I:: : 

Stability/Polymerization: TCE slowly de-composes in the presence of light and moisture to form corrosive hydrochloric acid Hazardous polyp- 
erization cannot occur. Chemical incompatibilities: include alkalis (sodium hydroxide), chemically active metals (aluminum, beryllium, lithium, 
magnesium, sodium, potassium, and titanium), epoxides, and oxidants (nitrogen tetraoxide, perchloric acid). Contact with l-chlom2,3-epoxy propane 
or the mono and di 2,3-epoxypmpyl ethers of ltlbutanediol + 2,2-bii-4(2’,3’-epoxypmpoxy)-phenylpmpane can, in the presence of catalytic 
quantities of halide ions, cause dehydrochlorination of TCE to explosive dicbloroacetylene. Conditions to Avoid: Exposure to light, moisture, 
ignition sources, and incompatibles. Hazardous Products of Decomposition: Thermal oxidative decomposition of TCE (above 3OO “C) or exm 
to ultraviolet light can produce c&on dioxide (CO,) and toxic dichlom acetylene (explosive), chlorine, hydrogen chloride, and phosgene gas. 

Sq-$&n fj, f&al& Hazard.&@ I:,?.::: I,. :.. i : 1.. : i : : i il : i : ; ;.: : I’:...: j ;:I.! : .. !:j’ ‘I : j;,i : ‘..j ..: 1’. : ;,. ,: : : ‘. .. ..:. 

Carcinogenicity: The following agencies have rated TCE’s carcinogenicity: IARC (Class 3. limited animal evidence & insufficient human &a), 
Germany MAK (Class B, justiftily suspected of having carcinogenic potential), & NIOSH (Class X, carcinogen defined wilh no further categor- 
ization). Summary of Risks: TCE vapor is irritating to the eyes, nose, and respiratory tract and inhalation of high concentrations can l& to severe 
CNS effects such as unconsciousness, ventricular arrythmias. and death due to cardiac arrest. Mild liver dysfunction was also seen at levels high 
enough to produce CNS effects. Contact with the liquid is irritating to the skim and can lead to dermatitis by defatting the skin. C&tic toxic&y is 
observed in the victims increasing intolerance to alcohol characterized by ‘dew flush’, a transient redness of the face, bnt& and -s. The 
euphoric effect of TCE has led to craving, and habitual sniffing of its vapors. 

conlinue on nat page 



’ Section 6.. Heaitli Haiard Data, Continued 
TCE crosses the placental barrier and thus exposes the fetus (any effects are yet unknown). There are increased reports of menstrual disorders in 
women workers and decreased libido in males at exposures high enough to cause CNS effects. ‘ICE is eliminated unchanged in expired air and as 
metabolites (hichloroacetic acid & trichloroethanol) in blood and urine. Medical Conditions Aggravated by Long-Term Exposure: Disorders of 
the nervous system, skin, hea& liver, and kidney. Target Organs: Respiratory. central & peripheral nervous, and cardiovascular (hat) systems, 
‘;ver, kidney, and skin. Primary Entry Routes: hhalation, skin and eye contact, and ingestion (rarely). Acute Effects: Vapor inhalation can 

se eye, nose, and throat irritation, nausea, blurred vision, overexcitement, headache, drunkenness, memory loss, irregular heartbeat (resulting in 
Jden death), unconsciousness, and death due to cardiac failure. Skim contact with the liquid can cause dryness and cm&ii and prolonged 

exposure (generally if the victim is unconscious) can cause blistering. Eye contact can cause irritation and watering, with comeal epitheiium injury 
in some cases. Ingestion of the liquid can cause lip. mouth, and gastrointestinal irritation, irregular hear&at nausea and vomiting, diirrhea 
(possibly blood-stained), drowsiness, and risk of pulmonary edema (fluid in lungs). Chronic Effects: Effects may persist for several weeks or 
months after repeated exposure. Symptoms include giddiness, irritability, headache, digestive diirbances, mental confusion, intolerance to alcohol 
(degreasers flush), altered color perception, loss or impairment of sense of smell, double vision, and peripheral nervous system function impairment 
including persistent neuritis, temporary loss of sense of touch, and paralysis of the fingers from direct contact with TCE liquid. 
FIRST AID Eyes: Do nof allow victim to rub or keep eye-s tightly shut. Gently lift eyelids and flush immediately and continuously with flooding 
amounts of water until transported to an emergency medical facility. Consult a physician immediately. Skin: Quickly remove contaminated 
clothing. Rinse with flooding amounts of water for at least 15 min. Wash exposed atea with soap and water. Inhalatiou: Remove exposed person to 
fresh air and support breathing as needed. Ingestion: Never give anything by mouth to an unconscious or convulsing person. Contact a poison 
control center and unless otherwise advised, have that cunscious and ulert person drink 1 to 2 glasses of water, then induce vomiting. Do not give 
milk, as its fat content (ICE is lipid soluble) may inhance gastrointestinal absorption of TCE. Note to Physicians: TCE elimination seems to he 
triphasic with half lives at 20 min, 3 hr, and 30 hr. Some success is seen in treating patients with propranolol, a&opine, and diulfnam. Monitor 
urine and blood (lethal level = 3 to 110 j.tg/mL) metabolites. BEI = 100 mg/g creatinine (trichlotoacetic acid) in urine, sample at end ofworkweek. 
BEI = 4 mg/L (trichloroethanol) in blood, sample at end ofshifi at end of the workweek. These tests are not 100% accurate indicators of exposure; 
monitor TCE in expired air as a coufiiory test. 

$e&ion:?. S&l, Leak, aixd. M&&al procedures :. : i : : I j.. ’ : 
SpiWLeak: Immediately notify safety personnel, isolate and ventilate at&deny entry and stay upwind. Shut off A ignition sour&s. For small 
spills, take up with earth sand: vermiculite, or other absorbent, noncombustible material and place in suitable container for later disposal. For large 
spills, flush to containment area where density stratification will form a bottom TCE layer which can be pumped and containerized. Report any 
release in excess of 1000 Ibs. Follow applicable OSHA regulations (29 CFR 1910.120). Ecotoxicity Values: Bluegill sunfish, LC5, = 44,700 pg/L/ 
96 hr, fathead minnow (Pimephales promelus), LC, = 40.7 mg/y96 hr. Environmental Degradation: In air, TCE is photooxidized with a half-life 
of 5 days and reported to form phosgene, dichloroacetyl chloride, and formyl chloride. In water it evaporates rapidly in minutes to hours. TCE 
rapidly evaporates and may leach since it does not absorb to sediment. Soil AbsorptionlMobility: TCE has a Log K, of 2, indicating :high soil 
mobility. Disposal: Waste TCE can be poured on dry sand and allowed to vaporize in isolated location, purified by distillation, or returned to 
supplier. A potential candidate for rotary kiln incineration at 1508 to 2912 “F (820 to 1600 “C) with an acid scrubber to remove halo acids. Contact 
your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations 
SARA Extremely Hazardous Substance (40 CFR 35.5): Not listed 

OSHA Designations 

ted as a SARA Toxic Chemical (40 CFR 372.65) 
Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-l-A) 

.ted as a RCRA Hazardous Waste (40 CFR 261.33 & 261.31): No. U228 & FoO2 (spent solvent) 
Listed as aCERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Quantity (RQ), 100 lb (45.4 kg) [* per RCRA, Sec. 3001, CWA Sec. 

311 (b)(4), & CWA Sec. 307 (a)] 

GoggIes: Wear chemical safety goggles (cup-type or rubber framed, equipped with impact-resistant glass), per OSHA eye- and face-protection 
regulations (29 CFR 1910.133). Because contact lens use in industry is controversial, establish your own policy. Respirator: Seek professional 
advice prior to respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSHA/NIOSH- 
approved respirator. At any detectable concentration, wear a SCBA with a fuU facepiece operated in pressure demand or other positive pressure 
mode. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Warning! Air-purifying respiru- 
tom do not protect workers in oxygen-deficient atmospheres. If respirators are used, OSHA requires a respiratory protection program that includes 
at least: medical certification, training, fit-testing, periodic environmental monitoring, maintenance. inspection, cleaning, and convenient, sanitary 
storage areas. Other: Wear chemically protective gloves, boots, aprons, and gauntlets made from Viton or Neoprene to prevent skin contact. Do not 
use natural rubber or polyvinyl chloride (PVC). Ventilation: Provide generai and local exhaust ventilation systems to maintain airborne concentra- 
tions below OSHA PELs (Sec. 2). Local exhaust ventilation is preferred because it prevents contaminant dispersion into the work area by control- 
ling it at its source.(to3) Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing 
facilities. Contaminated Equipment: Separate contaminated work clothes from street clothes and launder before reuse. Remove this material from 
your shoes and clean personal protective equipment. Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene 
especially before eating, drinking, smoking, using the toilet, or applying cosmetics. 

., 
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Storage Requirements: Prevent physical damage to containers. Store in steel drums, in a cool, dry, well-ventilated area away fmm ~unlighf heat+ 
ignition sour&s, and incompatibles (Sec. 5). Store large quantities in galvanized iron, black iron, or steel containers; small amounts in da& (amber) 
colored glass bottles. Engineering Controls: To reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control 
airborne contaminants and to maintain concentrations at the lowest practical level. Design processes so that the operator is not directly exposed to 
the solvent or its vapor. Do not use open electric heaters, high-temperature processes, arc-welding or open flames in TCE atmospheres. Adminis- 
trative Controls: Consider preplacement and periodic medical exams of exposed workers with emphasii on skin, respiratory, cardiac, central and 
peripheral nervous systems, and liver and kidney function. Employ air and biological monitoring (BEIs). Instruct employees on safe handling of 
TCE. 

Transportation Data (49 CFR 172.101) 
DOT Shipping Name: Trichloroethylene 

7T Hazard Class: 6.1 
Packaging Authorizations 
a) Exce t2ons: 173.L53 

uentity Limitations 

No.: DN171tJ _ b) Non- % ulk Paelcaging: 173.203 
e Passenger Aircraft or Raiir: 60L ‘f 

-- __ .-__- b) Cargo Aircraft Only: ;!2OL 

&; ~~~f‘G$;p&$mm Food c) Hulk l’eelceging: 173.241 Vessel Stowage Requirements 

DOT Speeii Provisions (172.102): N36, Tl a) Vessel Stowage: A 
b) Other: 40 

MSDS Collection Rderences: 26,73,100.101,103,124,126,127,132,133.136.139,140,148,149,153, 159.163.164.167,168.171.174,175,176,180. 
Prepared by: M Gannon. BA; Indastdal Hygiene Review: D Wilson, CIH; Medkel Review AC Darlington, MD 
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Genium Publishing Corporation 
One Genium Plaza 

Material Safety Data Shreets Collection: 

Schenectady, NY 12304-4690 USA 

R 2 NFPA 
and-hydrogen &lo&& (as gas or liquids), or by oxychlorination where ethylene reacts v&h hydrochloric acid and oxygen. I 4 
Inhibitors such as butyl catechol. hydroquinone, or phenol are added to prevent polymaizaton. Used in the plastics industry 
for the production of polyvinyl chloride resins, in organic synthesis and formerly as a n&&rant, extraction solvent. and 

k 1 2 4 2 

propellant (banned in 1974 because of its carcinogenic activity). 
@ 

Other Des&nations: CAS No. 75-01-4. chloroethylene, chloroe&zne, ethylene monochloride, Trovidur, VC, VCM. l-MIS 

Manufacturer: Contact your supplier or dismiur~. Consult latest Chemical WeekBuyers’Guide031for a suppliers list. F z 
Cautions: Vinyl chloride is a confirmed human carcinogen. Vapor inhalation leads to central nervous system (CNS) 
depression. The liquid can cause frostbite. It is a flammable gas at room temperature and polymerizes on exposure to ait or 
sunlight. Avoid exposure to VC through engineering controls and wearing PPE 

k 2 
PPE - Sec. 8 
* Chronic effects 

Extinguishing Media: For small fires, use dry chemical or carbon dioxide. For large ties, use water spray, fog, or regular foam. Unusual Fire 
or Explosion Hazards: Large fires can be practically inextinguishable. Vapors may travel to an ignition source and flash back VC may 
polymerize in cylinders or tank cars and explode in heat of fire. Vapors pose an explosion hazard indoors, outdoors, and in sewers. VC decom- 
poses in fire to hydrogen chloride. carbon monoxide, carbon dioxide, and phosgene. Burning rate = 4.3 mm/n&. Special Fire-fighting Proce- 
dures: Because fire may produce toxic thermal decomposition products, wear a self-contained breathing apparatus @CBA) with a full facepiece 
operated in pressure-demand or positive-pressure mode. Stop gas leak if possible. Let tank, tank car. or tank truck burn unless leak can be 
stopped. For massive fire in cargo area, use monitor nozzles or unmanned hose holders; if thii is impossible, withdraw from area and let fire bum. 
Withdraw immediately if you hear a rising sound fmm venting safety device or notice any tank discoloration due to fire. Do not release runoff 
from fire control methods to sewers or waterways. 

,.. . . . . . . . . . . . . . 
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StabllitylPolymerlzation: Long term exposure to air may result in formation of peroxides which initiates explosive polymerization of the chloride. 
VC can polymerize on exposure to light or in presence of a catalyst. Chemkal Incompatlbllitk VC can explode on contact with oxide of 
nitrogen, may liberate hydrogen chloride on exposure to strong alkalies, and is incompatible with copper, o&iii, aluminum, and peroxides. In 
the presence of moisture, VC attacks iron and steel. Conditions to Avoid: Exposure to sunlight, air, heat, and irzompatilbles. Hazardous 
Products of Decomposition: Thermal oxidative decomposition of vinyl chloride can produce carbon oxides, and chloride gas. 
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Carcinogenlclty: Vinyl chloride is listed as a carcinogen by the IARC (Class 1, s#$cknf hwMn eviden~e)!~~) NTP (Class 1, suffiienr human 
evidence),(*~ NIOSH (Class X, carcinogen defined wiUmfjiu&r azfegorizahn) .(‘63)ACGIH 
DK; (MAK-Al. capable of inducing malignant tumors in humans): 163) 

WV-Al. confirmed hunm azrcinogen).(163) 
and OSHA (Class X, cat-&wgen defined withoutfwkr calegoriza- 

fio+o() Liver tumors (angiosarcomas) are confiied fmm VC expzmre. Other tu&rs of the CNS. xespiratory system. blood, and lymphatic 
system have occurred from exposure to the polyvinyl chlozide manufacture process but VC itself may not be the causative agent. Summary of 
Risks: Vapor inhalation causes varying degrees of CNS depression with noticeable anesthetic effects at levels of 1% (lO,,OOO ppm). Studies have 
shorn loss of libido and sperm in men exposed to VC and in Russian studies, 77% of exposed women expexienced ovarian dysfunction, benign 
uterine growths. and prolapsed genital organs. However. no teratogenk effects have been seen in of&p&g of exposed workers. 

contlttuc on luxi pa8 

Vinyl Chloride, ca 98 to 99%. Impurities include water, acetaldehyde, hydrogen chloride. hydrogen peroxide, methyl chloride, butane, 
1,3-butadiene, chlorophene, diacetylene, vinyl ace~lene, and propine. 
1991 OSHA PELs 199293 ACGIH TLV 

TWA: 5 ppm (13 mg/m3) 
1985-86 Toxicity Datat 

8-hr TWA: 1 ppm Man. inhalation, q Intermittent exposure to 200 ppm for 14 yr 
Ceiling: 5 ppm; OSHA-X TLV-Al caused liver tumors. 

Man, inhalation, TC& 30 mg/m3/5 y-r caused spermatogenesis. 
1990 NIOSH REL 1990 DFG (Germany) TRK* Human, inhalation, TC Continuous exposure to 300 mg/m3 for an 
NIOSH-X Existing Installations: 3 ppm undeteamined number of weeks caused blood tumors. 

MAK-Al Rat, oral, LD,: 500 mg/kg; toxic effects not yet reviewed 

* ‘IRK (technical exposure limit) is used in place of MAK when a material is a carcinogen Unlike an MAK below which no adverse effects ale expected, the TRK 
is a limit set belqw which adverse effects may still occur. This is based on the theory that 1 molecule of a cnr&ogenic substance may still produce a tumor. The 
TRKissettoallowforana ble risk (for example. 1 tnmor in 1 million persons may be an acapable risk). 
t See NIOSH. RTECS (KU%%), for additional mutation. reproductive. tmnorigenic, and toxicity data. 

Free&g Point: -245 ‘F (-li9.7 “C) 
Molecular Weight: 625 
SpAflc Gratity: 0.9106 at 68 ‘F (20 l C) 
Ionlzatlon Potential: 9.99 eV 
Refraction Index: 1.370 at 20 ‘C/D 
Surface Tension: 23.1 dyne/cm at -4 “F (-20 l C) 
Odor Threshold: 2000 to 5000 ppm* 
Vapor Density (Air = 1): 2.155 

Other Solubllltk: al&h& benzene, carbon tetrachloricie. ether, hydrocarbon and oils. 
Vapor Pressure: 2530 mm Hg at 68 ‘F (20 ‘C). 400 mm Hg at -18.4 ‘F (-28 ‘C) 
Critical Temperature: 304.7 ‘F (151.5 ‘C) 
Critkal Pressure: 56.8 atm 
Viscosity: 0.01072 CP at 68 l F (20 ‘C). gas; 0.28 CP at -4 l F (-20 ‘C), liquid 
Appearance and Odor: A gas at room temperature. Usually found as a compressed/ 

cooled liquid. The colorless liquid forms a vapor with a pleasant ethereal odor. 

The adual vapor concentration that can be detected by humans has not been adequately determined and varies from ene individual to another, from implrifies, 
ad probably from exposure duration. The odor threshold is net an aazurate wanting of urposure. 



chl&oacetaldehyde. Skin absorption r&y occur if iquid is confined on skin but absorbed amount would be small. It is possible that the phenol inhibitor 
may be absorbed as well. The compressed Liquid can cause frostbite. Vapors are severely irritating to the eyes. Chronic exposure can cause cancer and a 
triad of syndromes known as vinyl chforide d&are. Medical Conditious Aggravated by Long-Term Exposure: Liver. cardiac, pulmonary, and 
connective tissue disorders. Target Organs: Liver, CNS, respiratory and lymphatic systems, bone, and connective tissue of the skin. Primary Entry 
Routes: Inhalation, skin/eye contact. Acute Effects: CNS effects include fatigue, headache, veatigo. ataxia, euphoria, visual disturbances, dulling of 
auditory cues, numbness and tingling in the extremities, narcosis, unconsciousness, and death due to respiratory failure. Respiratory problems include 
dyspnea, asthma, and pneumonoconiosis. Chronic Effects: Repeated exposure has lead to liver cancer; confiied because of the otherwise rarity of its 
type (angiosarcoma). Tumors in other organs have occurred in the polyvinyl chloride industry but agents other than VC may be responsible; authorities 
are still debating this issue. A triad of other effects are associated with VC exposure. Acroosteolysis is associated with hand cleaning of polymerization 
vessels and characterized by diiolution of bone in the hands, especially when associated with resorption. Raynaud’s Phenomenon is a vascular disorder 
marked by recurrent spasm of the capillaries and especially those of the fmgers and toes on exposure to cold. Tbii is usually accompanied by pain and in 
severe cases may progress to local gangrene. Sclerodermatons skin changes (affecting the dorsal hands and distal forearms) are seen and described as a 
slowly progressive disease mark& by deposition of fibrous connective tissue in the skin The skin becomes thickened and raised nodules appear. 
Arthmlgias (pain in one or more joints) and blood changes with decreased platelet number and capillary abnormalities may also occur. 
FIRST AID Eyes: Do nor allow victim to rub or keep eyes tightly shut Gently lift eyelids and flush immediately and continuously with flooding 
amounts of water until transported to an emergency medical facility. Consult a physician immediately. Skin: Quickly remove contaminated clothing. 
Rinse with flooding amounts of water for at least 15 min. Wash exposed area with soap and water. For reddened or Mitered skin consult a physician. 
For frostbite, immerse affected area in 107.6 ‘F (42 ‘C) water until completely rewarmed. Do not use dry heat Inhalation: Remove exposed person to 
fresh air and sunnort breathing as needed. Inn&ion: Unlikely! VC is a sss above 7 l F (-14’0 Note to Pbyslcians: Endotracheal intubation may be 
required if sign&ant CNS orrespiratory depression occur. Diagnostic. t& tbiodiglycolic acid in urine (normally < 

SnUlILeak: Not& safetv nersonnel. isolate and ventilate area denv en&v, and stay unwind. Ifuossible without risk. 
sources. Report any rel& > 1 lb. Follow applicable OSHA regul&ions~29 CFR i9iO.120). l?nvironmental Trar&orty VC reacts with hy&oxyl 
radicals in the trophosphere with a half-life of 1.2 days. The half-life = a few hr in photochemical smog. Reaction products in the air include chloro- 
acetaldehyde, hydrogen chloride, chloroethylene, epoxide, formaldehyde+ formyl chloride, formic acid, and carbon monoxide. In soil, VC rapidly volatil- 
izes. What does not evaporate will be highly mobile and may leach into groundwater. In water, VC is not expected to hydrolyze, biocorsentrate, or 
absorb to sediment It will rapidly volatilize with an estimated half-life of 0.805 hr for evaporation from a river 1 meter deep with a current of 3 meter/so 
and a wind velocity of 3 meter/set. In waters containing photosensitizers such as humic acid, photodegradation will be rapid. Soil Absorption/Mobility: 
From an estimated solubility of 2,700 ppm. a Koc of 56 is established for VC which indicates high soil mobility and potential to leach into groundwater. 
Disposal: Dilute any waste compressed liquid to a 1% solution and remove phenol inhibitor as sodium. Pour onto vermiculite, sodium bicarbonate, or a 
sand & soda ash mixture @O/10). Add slaked lime if fluoride is present. Mix in paper boxes, place in incinerator, cover with scrap wood and paper, and 
ignite with excelsior train. Another method is to dissolve waste in a flammable solvent and spray in incinerator fnebox equipped with an afterburner and 
alkali scrubber. Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations OSHA Deslgnatlons 
Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. U043 Listed as sn Air Contaminant (29 CFR 1910.1000, Table 2-l-A) 
SARA Extremely Hazardous Substance (40 CFR 355). TPQ: Not listed 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 
Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Guantity 010), 1 lb (0.454 kn) I* per CWA. Sec. 307 (a’): CAA. Sec. - -_ -. - - . 
112, & RCRA. Sec. 30011 

Section S.:Sp&al Prdtecti6n.Da.h : (.:- . . . . . . ‘. :. : 
Goggles: Wear protective eyeglasses or chemical safety noAles. ner OSHA eye- and face-protection regulations (29 CFR 1910.133). Because contact 
lens&e in industry is contr&rsial, establish your own &lzy. R&plrator: Seek professional advice prior to respirator selection and use. Follow OSHA 
(29 CFR 1910.134) and, if necessary, wear a MSHA/NIOSH-approved respirator. According to NIOSH(l“s), for any detectable concentration use a SCBA 
or supplied-air respirator with a full facepiece operated in pressure-demand or other positive pressure mode. See 29 CFR 19 10.1017 for detailed OSHA 
respirator recommendations. For emergency or nonroutine operations (cleaning spills, reactor vessels. or storage tanks), wear an SCBA. Warning! Air- 
pur~fiing respiralors do not prolecf workers in oxygen-deficient atmospheres. If respirators are used OSHA requires a written respirato:ry protection 
program that includes at least medical certification, training. fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning, and 
convenient. sanitary storage areas. Other: Wear chemically protective gloves, boots, aprons. and gauntlets made of Viton or chlorinated polyethylene to 
prevent skin contact Ventilation: Provide general and local exhaust ventilation systems to maintain airborne concentrations below the Q!X-lA PEL’s (Set 
2). Local exhaust ventilation is preferred because it prevents contaminant dispersion into the worksma by controlling it at its source. Safety Stations: 
Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. Contaminated Equipment: Separate 
work clothes from street clothes, launder before reuse and clean PPE. Comments: Never eat, drink, or smoke in work areas. Practice gcod personal 
hygiene after using this material, especially before eating, drinking, smoking, using the toilet, or applying cosmetics. 

Section 9. Spe’cial Prgqautions ind (Xdiine@ 1: : : : ::I ” 
‘. 

:!I’ .: ‘. -.:/ ‘, . . . . ,, .::;: 
Storage Requirements: Store in a cool. drv. well-ventilated ara in clearly labeled containers. Outside or detached storage is 
shouldbe stored in steel containers under p&sure. Keep separate from indompatibles (Sec. 5). Venting, under pressure srhould be safety reliif. At atm, 
venting should be pressure vacuum. Regularly monitor inhibitor levels. To avoid static sparks, electrically ground and bond all equipment used with VC. 
Avoid open flames, spark formation and electric discharges around VC. Englneerlng Controls: To reduce potential health hazards, use sufficient 
dilution or local exhaust ventilation to control airborne contaminants and to maintain concentrations at the lowest practical level. Install Class 1. Group D 
electrical equipment. Administrative Controls: Inform VC exposed personnel of hazards associated with its use. preplacement and periodic medical 
exams of workers exposed above the action level is mandatory under OSHA 29 CFR (1910.1017). Monitor for liver cancer, sclerodernn~ pneumonitis. 
clotting abnormalities, and acre-osteolysis. 

Transportation Data (49 CFR 172.101) 
DOT Shipping Name: Vinyl Chloride 
DOT Hazard Class: 2.1 

Packaging Authorizations Quantity Limitations 

ID No.: UN1086 
a) Exceptlons: 173.306 a) Passenger Aircraft or Railcar: Forbidden 

DOT Packing Group: -- 
b) Non-bulk Packaging: 173.304 
c) Bulk Packaging: 173.314 & 173.315 

b) Cargo Aircraft Only: 150 kg 

DOT Label: Flammable Gas 
Vessel Stowage Requirements 

Special Provisions (172.102): 844 
a) Vessel Stowage: B 
b) Other: 40 
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1 Muterid Sufety Data Sheets CoUection: 
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Genium Publishing Corporation 
One &Gum Plaza Sheet No. 318 

Schenectady, NY 12304-4690 USA Xylene (Mixed Isomers) 
(518)377-8854 r..-...A. , * Ion n-.r:r: ,_-. c nnq 

cylene (Mixed Isomers) (C&J Description: The commercial product is a blend of the three isomers [ortb-(o-). metu-(ml- R 1 NFPA 
, para-@-)] with the largest proportion being m- xylene. Xylene is obtained from coal tar. toluene by transalkylation, and 
Fseudocumene. Used in the manufacture of dyes, resins, paints. varnishes. and other organics; as a general solvent for 
adhesives, a cleaning agent in microscope technique; as a solvent for Canada balsam microscopy; as a fuel component; in 
wiation gasoline, protective coatings, steriliig catgut, hydrogen peroxide, perfumes. insect repellants, pharmaceuticals, and 
he leather industry; in the production of phthalic anhydride, isophthalic, and terephthalic acids and their dimethyl esters 
rhich are used in the manufacture of polyester fibers; and as an indirect food additive as a component of adhesives. Around 
he home, xylene is found as vehicles in paints, paint removers, degreasing cleaners, lacquers, glues and cements and as F 1 

alvent/vehicles for pesticides. 
3ther Designations: CAS No. 1330-20-7 [95-476,108-383; 106-42-3 (o-. m-*p-isomers)], dimethylbenzene, 
nethyltoluene, NCI-C55232. Violet 3, xyloL 
tianufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’ Gtidem) for a suppliers list. 

k ‘i 

Cautions: Xylene is an eye, skin, and mucous membrane irritant and may be narcotic in high concentrations. It is a dangerous fue hazard. * sec. 8 
. :..:::. . . . . .._. . . . . . . . . . 1. . . . . . . . . . .../. . . . . . . .:... .I /, . . . :. . . . . . _.. .., . . . . . . .., . . . . . / :. :. :. . . . . . . ..: . . .., S~~ti~~~~~~~~~~~~,~~~~~~~,~~~~~~~~~~~~::~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~:~~~~ L&$::‘::~..5 :.j”:‘:..;j- i,;; 3;;: ;: ;;,,-j 

~,.:.,:..::.::..j,,::..~ .,...:..:.::..‘:...:.:.;.~...~.. .,_,/,.,... .. ,.,. :- ..::.: ,, ..:...:. .:.:: .,.,_,.* _, .:_:., . . . . . . . . . ,...... . . . . . . . . . . . . .:......, ,.. ,. ,.. . . . . . . ..:.: ..::.: .:...: . . . . . .:.: . . . ::::.‘:.:.:.:.:.:...:‘:.:.:~:.; . . . . . . . . . . . . ,.:.~:...:.. ..i.._ :.:.>>:.>y%:. :.: . . . . . . . . .: ..: .;:.;...:...:... .: : ..:. :.:.:...:.:,..:.. . . . . . . .,: . . . . . . ..: ,. :.. :. ..:: :. . . : 
KyIene (mixed isomers): the commercial product generaBy contains - 40% m-xykne: 20% each of o-xyIene, p-xylene, and ethybeuzene; and smali 
quantities of toluene. Unpurified xylene may contain pseudocumene. 

1991 OSHA PELs 1992-93 ACGIH TLVs 
B-hr TWA: 100 ppm (435 mg/m3) 

1985-86 Toxicity Data* 

15&n STEL: 150 PPm (655 mg/m3) 
TWA: 100 ppm (434 mgfrn? Human. inhalation, TC,: 200 ppm produced 
STEL: 150 ppm (651 mg/m ) olfaction effects. mnjunctiva irritation, and other 

1990 IDLH Level 
BE1 (Biological Exposure Index): Methylhippuric changes involving the lungs. thorax or respiration. 

loa mm 
acids in urine at end of shift: 15 g/g creatinine Man, inhalation. Q: loo(H) ppm/6 hr. toxic 

1990 DFG (Germany) MAK 
effects not yet reviewed. 

1990 NIOSH RELs 
TWA: 100 ppm (435 mg/mq 
STEL: 150 ppm (655 mg/m ) 

TWA: 100 ppm (440 mg/m3) 
Category IL Substances with systemic effects 
Half-lie: < 2 hr 
Peak Exposure: 200 ppm, 30 min. average value, 

4peakspershift 

Human, oral, Lk: 50 mgArg; no toxic effect noted. 
RaS or& LD,: 4300 mg/kg; toxic effect not yet 

reviewed. 
Rat, inhalation, LC,: 5000 ppm/4 hr, toxic effects 

not yet reviewed. 

L See NIOSH, RTECS (XEZKMOOO), for additional toxicity dam. . . . . .:, ., ..: . ~~~~.:~~I;$.,‘;;~:!:.i:.-’ .YJf ;,:;:;:.r;. 
. ..> :: :-::.:::.F;> ,... :::: .::‘:.::,:.:. ;7>.. . . . ., . . . . . . . .I.. :...::: ..,.,..,. . . . . . . . . ,... . . . . . . . > ,. . . . . . . . ,., .,. ., . . . . . . . . !. .:: . . . . . . . . . . . . . . . . . . . ..,...... . . . . . . . . . . . . . . . :................. . . . . . . . . . . . . . . . . . . . . . . .., ,..... ,. . . . . . . .., . . . . . . . . . . .:. . . . .y. . . :.. . 
Boll& Point Range: 279 to 284 ‘F (137 to 140 ‘C)* Molecular We&hti 106.16 
Boiling Point: or&: 291 ‘F (144 Tj, metar 281.8-F (138.8 ‘C); 

para: 281.3 ‘F (138.5 ‘C) 
Freezlng PoIntMeltIng Polnt: or&o: -13 ‘F (-25 ‘C); 

meta: -53.3 ‘F (- 47.4 ‘C); puru: 55 to 57 l F (13 to 14 ‘C) 
Vapor Pressure: 6.72 mm Hg at 70 ‘F (21 “C) 
Saturated Vawr Den&v (Air = 1.2 ke/m3k 1.23 k&r?. 0.077 lbs/ft3 

Specific GravIti: 0.864 at 20 ‘C/4 ‘C 

. . Y  . 

Appearance and Odor: Clear, sweet-smelling liquid. 

Water Solubility: Practically insolubl,e 
Other Solublitles: Miscible with absolute alcohol, ether, and 
many other organic liquids. 

Octanol/Water Partition CoeffIcIent: IogKow = 3.12-3.20 
Odor Threshold: 1 uum 
Viscosity: 02.6 SU’S 

* Materials with wider and narrower b&line commerciallv available. 

Ii&id (which floats on water) may travel to an igniti& &urce and flashback The heat of fire may cause con&ners to explode an&r pro&e 
irritating or poisonous decomposition products. Xylene may present a vapor explosion hazard indoors. outdoors, or in sewers. Accumulated static 
electricity may occur from vapor or Iiquid flow sufficient to cause ignition. Special Fire-fighting Procedures: Because fire may produce toxic 
thermal decomposition products, wear a self-contained breathing apparatus (SCBA) with a full facepiece operated in pressuredemand or positive- 
pressure mode. Structural fnefighter’s protective clothing will provide limited protection. If feasible and without risk, move containers ffom fire area. 
Otherwise, cool fne-expsed containers until welI after fire is extinguished. Stay clear of tank ends. Use unmanned hose holder or monitor nozzles for 
massive cargo fires. If impossible. withdraw from area and let fire bum. Withdraw immediily in case of any tank discoloration or rising sound from 
ventine safefv device. Do not release runoff from fire control methods to sewers or waterways. 

Y  d < 

.,..., ,. ,.,.,.,. ,.,. _ ,.,... . . . i.,.i,.i_ . . ., ,.,. 
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won: Xylene is stable at room temperature in closed containers under normaI storage and handling conditions. Hazardous 
polymerization wt occur. Xylene is easily chlorinated, sulfonated, or nitrated. Chemical IncompatlbUitIes: Incompatibiities include strong 
acids and oxidizers and 1.3dichloro-S.SdimethvI-2&nidazolidindione (dichlorohvdrantoin~. Xvlene attacks some forms of u&tics. rubber. and 
coatings. Conditions to Avoid: Avoid heat and:gnition sources and in&patibles.~ HazardksProducts of Decomposltio& The&l oxid&ve 
decomposition of xylene can produce carbon dioxide., carbon monoxide. and various hydrocarbon products. 

Cardnogenlctty: The IARC, NTP,(l@) and OSHA(*6d) do not list xylene as a carcinogen. Summary of Risks: Xylene is an eye, mucous 
membrane! and respiratory tract irritant, Irritation starts at 200 ppm; severe breathing dil?iculties which may be delayed in onset can occur at high 
concentranons. It is a central nervous system (CNS) depressant and at high amceatrations can cause coma. Kidney and liver damage can occur with 
xylene exposure. With prolonged or repeated cutaneous exposure, xylene produces a defatting dermatitis. Chronic toxicity is not well defined, but it 
is less toxic than benzene. Prior to the 195oS, benzene was often found as a contaminan t of xylene and the effects attributed to xylene such as blood 
dyscmsias are questionable. Since the late 1950s. xylenes have been virtually benzene-free and blood dyscmsias have not been Associated with 
xylenes. Chronic exposure to high concentrations of xylene in animal studies have demonstrated milk reversible decrease in red and white cell 
counts as well as increases in platelet counts. confiw on llaf pg 

---. -I “, _..“,.., I- .“_” .̂ .-- -.... ._,” ,,. ., .-- ,-, _ ._, ,..~.“.. .x. _̂  ..,._. -i-.x.---x- -1 -.- -.r---.-.~.l__l-. ,..‘_ _il 
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pla&nta, 6ut does-not appear to be teratogtic u&r co&ions tes& to d&z. hiedical Conditions Aggravated by Lo&-Term Exposure: CNS. 
respiratory, eye, skin, gastrointestinal (GI) , liver and kidney disorders. Target Organs: CNS. eyes, GI tract, liver, kidneys, and skin. P’rItnary 
Entry Routes: Inhalation, skin absorption (slight), eye contact. ingestion. Acute Effectsr Inhalation of high xylene concentrations may cause 
dizziness; ~usea. vomiting, and abdominal pain; eye, nose, and throat irritation; respiratory tract irritation leading to pulmonary edema (fluid in 
lung); drowsiness; and u nconsciousness. Direct eye contact can result in conjunctivitis and corn& burns. Ingestion may cause a burning sensation 
in the oropharynx and stomach and transient CNS depression. Chronic Effects: Repeated or prolonged skin contact may cause drying and defat- 
ting of the skin leading to dermatitis. Repeated eye exposure to high vapor concentrations may cause reversible eye damage, peripheral and central 
neuropatby, and liver damage. Other symptoms of chronic exposure include headache, fatigue, irritability. chronic bronchitis, and GI disturbances 
such as &sea, loss of appetite, and gas. - such as &sea, loss of appetite, and gas. - 
FIRST AILI Emergencypersonnel shouidprotect against exposure. Eyes: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids FIRST AILI Emergencypersonnel shouidprotect against exposure. Eyes: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids 
and flush immediately and continuously with flooding amounts of water until transported to an emergency medical facility. Consult a physician and flush immediately and continuously with flooding amounts of water until transported to an emergency medical facility. Consult a physician 
immediatelv. Skim Ouic& remove contaminated clothine. Rinse with floodinp: amounts of water for at least 15 min. Wash exnosed ares with soar immediatelv. Skim Ouic& remove contaminated clothine. Rinse with floodinp: amounts of water for at least 15 min. Wash exnosed ares with soar 
and water. For red&ed or blistered skin, consult a physi&n. Carefully dii& of contaminated clothing as it may pose a fue-hazard. In halationi 
Remove exposed person to fresh air and support breathing as needed. Monitor exposed person for respiratory distress. Ingestion: Never give 
anything by mouth to an unconscious or convulsing person. Contact a poison control center and unless otherwise advised, do net induce vomiting! If 
spontaneous vomiting should occur, keep exposed person’s head below the hips to prevent aspiration (breathing liquid xylene into the lungs). 
Aspiration of afar millimeters of xylene can cause chemicalpneumonitk. pulmonary edema. and hemorrhage. 
or the ether glucurouide of ortho-toluic acid may be useful in diagnosis of meta-. para- 

Note to Physlclans: Hippuric acid 
and ortho-xylene exposure, respectively. Cousid~~ gastric 

lavage if a large quantity of xylene was ingested. Proceed gastric lavage with protection of the airway from aspiration; consider endotracbeal 
1 intubation with inflated cuff. 

SphlfLeak: Notify safety personnel, evacuate all unnecessary personnel, remove all bt and ignition sources, and ventilate spill area. CBeanup 
personnel should protect against vapor inhalation and skin or eye contact. If feasible and without undue risk, stop leak. Use appropriate foam to 
blanket release and suppress vapors. Water spray may.reduce vapor, but does not prevent ignition in closed spaces. For small spills, absorb on paper 
and evaporate in appropriate exhaust hood or absorb with sand or some non-combustible absorbent and place in containers for later disposal. For 
large spills die far ahead of liquid to contain. Do not allow xylene to enter a confimed space such as sewers or drains. On land, die to contain or 
divert to impermeable holding area Apply water spray to control flammable vapor and remove material with pumps or vacuum equipment. On 
water, contain material with natural barriers, booms, or weirs; apply universal gelling agent; and use suction hoses to remove spilled material. 
Report any release in excess of loo0 lb. Follow applicable OSHA regulations (29 CFR 1910.120). Environmental Transport: Little bioconcen- 
&on is expected. Biological oxygen demand 5 (after 5 days at 20 l C): 0.64 (no stated isomer). Ecotoxlcity values: LD,,. Goldfsh, 13 rngAJ24 hr, 
conditions of bioassay not specified, no specific isomer. Environmental Degradation: In the atmosphere, xylenes degrade by reacting ,with 
photochemically produced hydroxyl radicals with a half-life ranging from l-l.7 hr. in the summer to 10-18 hr in winter or a typical loss of 6786% 
per day. Xylenes are resistant to hydrolysis. Soil AbsorptionlMobllity: Xylenes have low to moderate adsorption to soil and when spilled on land, 
will volatilize and leach into groundwater. Disposal: As a hydrocarbon. xylene is a good candidate for controlled incineration. Contact your supplier 
or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Designations OSHA Designations 
SARA Extremely Hazardous Substance (40 CFR 355): Not listed Listed as an Air Contaminant (29 CFR 1910.1000, Table 2-l-A) 
Listed as a SARA Toxic Chemical (40 CFR 372.65) 
Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. U239, FO03 (spent solvent) 
Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Quantity (RQJ 1000 lb (454 kg) (* per Clean Water Act, 

Sec. 311(b)(4); per RCRA, Sec. 30011 
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Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because 
contact lens use in industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respirator selection and use. 
Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSHA/NlOSH-approved respirator. For concentratiour >lOOO 
ppm, use any chemical cartridge respirator with organic vapor cartridges; any powered, air-purifying respirator with organic vapor cartridges; any 
supplied-air respirator, or any self-contained breathing apparatus. For emergency or nonroutine operations (cleaning spills, reactor vessels, or 
storage tanks), wear an SCBA.Warning! Air-purijjhg respirators do not protect workers in oxygen-deficient atmospheres. If respirators zue used, 
Other: Wear chemically protective gloves, boots, aprons, and gauntlets to prevent all skin contact With breakthrough times 7 8 hr. consider 
polyvinyl alcohol and fluorocarbon rubber (Vito”) as materials for PPE. Ventilation: Provide general and local exhaust ventilation systems to 
maintain airborne concentrations below the OSHA PELs (Sec. 2). Local exhaust ventilation is preferred because it prevents contaminant dispersion 
into the work area by controlling it at its source. (‘03) Safety Stations: Make available in the work area emergency eyewash stations, safet!y/quick- 
drench showers, and washing facilities. Contaminated Equipment: Separate contaminated work clothes from street clothes. Launder contami- 
nated work clothing before wearing. Remove this material from your shoes and clean PPE. Comments: Never eat, drink, or smoke in work areas. 
Practice good personal hygiene after using this material, especially before eating, drinking, smoking, using the toilet, or applying cosmetics. 
s~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~ (&g$pn’&~; ;..:&L;;:;, g ;p$ :;j;;: ~~..~;:i-::~.~~~‘Ii. ; ; ::j; ,j 2.:; :;.I y ,: ,. li : ; j:,:. ‘.; .‘. .,, :: :. . . ; ;y : : :, : : 

Storage Requirements: Store in clearly labelled. tightly closed, containersin a cool, well-ventilated place, away from strong oxidizing materials 
and heat and ignition sources. During transferring operations, electrically ground and bond metal containers. Engineering Controls: To reduce 
potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants and to maintain concennations at the 
lowest practical level. Use hermetically sealed equipment, transfer xylene in enclosed systems, avoid processes associated with open evaporating 
surfaces, and provide sources of gas release with enclosures and local exhaust ventilation. Use Class I. Group D de&cd equipment. Adminlstra- 
tive Controls: Establish air and biological monitoring programs and evaluate regularly. Consider preplacement and periodic medical examinations 
including a complete blood count, a routine urinalysis, and liver function tests. Consider hematologic studies if there is any signilicant contamination 
of the solvent with benzene. If feasible, consider the replacement of xylene by less toxic solvents such as petrol (motor fuel) or white spirit. Before 
carrying out maintenance and repair work, steam and flush all equipment to remove any xylene residues. 

DOT Shipping Name: Xylenes 
Transportation Data (49 CFR 172.101) 

DOT Hazard Class: 3 
Packaging Authorizations Quantity Limitations Vessel Stowage R uikements 
a) Exceptions: 173.150 a) Passenger. Aim& or Railcar: SL a) Vessel Stowage: 3 

ID No.: UN1307 

ANT ~b~~G~~~~~Li 
b) Nonbulk Packaging : 173.202 b) Cargo Aircraft Only: 60L b) Other: - 

uid c) Bulk Packaging: 173.242 

Special Provisions (172.10 4 ): Tl 
~~~~c~~di~n hfwences: 26.73.89.100.101.103.124.126.127.132.133, 136.139.140.148.149.153.159.163.164.167,171,174,176.180. 
Prepared by: MJ Wurth. BS; Indushid Hygiene Review: PA Roy, MPH, CM; Medkal Review: W Sik.rman, MD I 





ATTACHMENT C 

1. 

2. 

3. 

4. 

5. 

6. 

EMERGENCY PROCEDURES FOR EXPOSURE TO 
HAZARDOUS MATERIALS /WASTE 

Call ambulance or transport individual to hospital/clinic immediately. Monitor airway, 
breathing, and circulation during trip to hospital or while waiting for the ambulance. 
Administer first aid or CPR, as necessary. Do not forget to take the HASP with you; it 
contains information on the contaminants expected to be found on site, and will assist the 
physician in his/her assessment of the exposure. 

Fill in Potential Exposure Report, answering each of the questions to the best of your 
ability. 

Contact our physician(s) at Continuum Healthcare as soon as possible. The procedure is 
as follows: 

a. 

b. 

Note: 

Call Continuum Healthcare at l-800-229-3674! 

Ask to speak with: 

Dr. David L. Barnes; 
Dr. Elaine Theriault; or 
Ms. T.J. Wolff, R.N. 

During nonbusiness hours (after 6 p.m.) call l-800-229-3674 and follow 
directions for paging the aforementioned individuals. 

Once in contact with any of these individuals, explain what has happened (they will 
review the information on the form with you and may ask you to fax the form to them, if 
possible), and allow either of them to speak with the attending physician. 

When asked about payment (and they will ask), inform the Hospital / Clinic / Physician 
that this is a “work related injury” and have them contact Louise Woods at (412) 269- 
2524. Have invoices sent to: 

Michael Baker Jr., Inc. 
Attn: Benefits Coordinator 
Airport Office Park, Building 3 
Coraopolis, PA 15 i 08 

Contact the Project Manager and the Project Health and Safety Officer as soon as it is 
feasible, but wait no longer than 24 hours. 
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